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ABSTRACT
The primary purpose of the study was to develop a

supply/demand ratio for nuclear degree scientists and engineers from
July 1969 through 1973. The need by private industry and electric
utilities for scientists and engineers with degrees in disciplines
other than nuclear science or engineering, as well as for
technicians, nuclear reactor operators, and nuclear materials
managers is projected. The hiring practices of industries and
utilities are related to the education received by the scientists and
engineers required. The extrinsic and intrinsic factrs u7ed by
companies and utilities active in the atomic energy field in
developing technical manpower forecasts, the educational backgrounds
of currently employed technical personnel, the level of degree work
of these i...dividuals, and the company and utility activities where
the majority of the technical personnel work were identified. The
results indicate a projected surplus of nuclear scientists or
engineers, especially those with PhD's. A critical shortage of
engineering talent is foreseen in the fields of mechanical and
electrical/electronics engineering, as well as at the technician
level. (Author/TS)
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AROUTTHE COVER

The cover represents, in a graphical but perhaps simplistic way, the relation

ship of nuclear science and engineering to the classical science and engineering

disciplines within the technical environment of industries active in the atomic

energy field. The five subjects (i.e., fuel cycle analysis, licensing, radiation

safety,

Science and Engineering," represent the major job responsibilities of nuclear

degreed individuals working in the private industry sector of the atomic energy

field.

reactor shielding, and safety analysis), listed under the caption "Nuclear
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PREFACF

This study and its associated research, data collection, and analyses was

conducted by the American Nuclear Sc--tiety under a contract for the Division of

Nuclear Education and Training/U.S. Atomic Energy Commission. The primary purpose

of the study was to quantify the technical manpower requirements of selected

sectors of the atomic energy field through 1973. Not included in the study are

the technical manpower requirements of government-owned-contractor-operated (GOCO)

organizations (commission laboratories and defense production facilities), and

state and federal services. However, summary employment information and an

estimated demand for GOCO organizations have been included in the total evaluation.

The data included in the study represent only technical personnel who spend

or will spend at least 50% of their working time in atomic energy activities.

Although the study was designed to project manpower requirements for scientists,

engineers, technicians, nuclear reactor operators, and nuclear materials managers,

it also placed considerable emphasis on the need for nuclear degreed scientists

and engineers by the sectors of the atomic energy field covered in the ctudy.

Another important objective of the study was to determine industry's evaluation

of the education and training received by their technical employees 4.n relation to

the actual "on-the-job" requirements of the companies. In other words, are the

universities giving their students what industry -..muld consider as an adequate

and meaningful education?

The subjective information was obtained from "in-depth" interviews conducted

with sample companies representing each segment of the private industry sector and

electric utility sector of the atomic energy field.



FOREWORD

This report of "Scientific and Technical Manpower Requirements of Selected

Segmeuts of the Atomic Energy Field" represents a much needed contribution

to our understanding of the relationship between the expected needs for

nuclear trained manpower in selected segments of the atomic energy field and

the expected supply of people trained in the various aspects of nuclear

science and engineering.

The main conclusion of the survey is that he expected supply of nuclear

scientists and engineers will almost meet tie expected demand in the near

future. A greater shortage would be apparent if the requirements in the

medical and Federal and state government segments had been surveyed and

included. If the anticipated rapid expansion of the nuclear power industry

is realized, the manpower shortage will become even more pronounced.

The survey was conducted with two limitations. First, it did not cover

the requirements of medical institutions, Atomic Energy Commission

laboratories and other government awned contractor operated (GOCO)

establishments, and Federal and state government. However, in order to

present a more balanced view of manpower needs, an estimate of employment

in qmo establishments, based on data from the Bureau of Labor Statistics

of the Department of Labor, has been included in the summary tabulations.

This estimate was based on the assumption that COCO facilities would not

expand and that only one-half of their normal attritional losses during the

period covered by the survey would be replaced. The second limitation was

that nuclear trained people who spent less than 50% of their time in atomic

energy activities werz: not counted. Many of these require nuclear training.

On the manpower supply side, however, essentially the whole was surveyed in

that practically all colleges and universities with nuclear curricula were

asked to estimate the number of students to be graduated in the various

nuclear specialities. Notwithstanding the limitations under which the

survey was conducted, the data developed are a valuable contribution to

understanding the interface between supply of and demand for technically

trained manpower in nuclear areas.

The report was produced for the Atomic Energy Commisstuft 0, a spetial task

force of the American Nuclear Society (ANS). Its conclusions do not

necessarily reflect the attitude or policies of the Atomic Energy Commission.

The ANS is to be commended for the thoroughness with which it has handled

its assigned task and for providing a basis from which furthex studies of

nuclear manpower requirements and supply may proceed.

Glenn T. Seaborg, Chairman
U.S. Atomic Energy Commission
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PURPCSE AND SCOPE OF THF

The primary purpose of the study was to develop a supply/demand ratio for

nuclear7degreed scientists and engineers for the period extending from July 1969

through December 31, 1973. Jim study was also designed to obtain)statistical

information relating qthe projected need by selected sectors of the atomic energy

field for scientiste and engineers with degrees in disciplines other than nuclear

science of engineering, as well as for technicians, nuclear r7actor operators and

nuclear materials managers. Suet' statistical data can be usedlot only as a

quantitative measure of Whether or not the educational institut:ions will be able

to meet the teChnical manpower requirements of these sectors of- the atomic energy

field but also by government agencies and other interested organizations to evaluate

their existing educational programs in light of the anticipated technical manpower

needs of the electric utilities, educational_institutions and private.ndustry sector

of the atomic'energy- field.

The study,mas also concerned with qualifying the technical manpoWer requirements

of private industry andelectric utilities by identifying the reasons why these

organizations hire or do not.hire nuclear degree& scientists and engineers, .and,

their.evalUatiOn'of the .educatiOnfeCeived by nuclear degreed and .non-nuclear degreed

scientists and engineersfin relation.to 'their teChnical requirements.. In addition,
.

the stUdy.was designed tO-identify-not-Ohiy.th&nuclearscience and engineering

courees- Most appliCable to..the technical:requirements Of'companiee and utilities-

active in:theatomic energy '. field hut also other exieting-or new technical- or non-

technical courses that should receive greater emphasis in the training of scientific

and engineering .personnel fofemployment in the atomic energy field.

(FinallY;.the7-atudY--atiamiAed-..zto-Identify)he-extrinstc. and intrineic factors

used.. bY. Companies And utilities aCtiVe in the atomic energy field in developing

technical.manwnwer.fprecass the educational backgrounds.of. their Currently.employed

tethnical personnel the.level Of-degree-of.these.individUals and ..theCompany and

utility. actiVitieg:v#tere,the'Majorityof.their:technicalpersonnel-work "-
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Prior to the onset of the ANS study, it was generally assumed that the annual

demand by PRIVATE INDUSTRY, ELECTRIC UTILITIES, and GOCO facilities, for scientists

and engineers with degrees in nuclear science or engineering (or major options in

some areas of nuclear science), between July 1965) and December 31, 1973, would far

outweigh the annual supply of these scientific and engineering types by the 'educa-

'

tional institutions. However, the results of the study showed this assumption to

be partially-incorrect. This is apparent if one looks at the total annual number

of nuclear degreed scientists and engineers, at all levels of degree, that will be

available for employment between July 1969 and the end of 1973 as projected in this

study. However, it was previously stated that the initial.assumption was only par:-

tially incorrect. This-is because the results of the study show that although the

overall projected demand for nuclear scientists and engineers, at all levels of

degree, is greater than the-projected supply of these types, the magnitude of. the

demand is less than originally assumed. There is a greater prbjected Supply of

nuclear engineers with-PhD's than projected demand. This is also true inthe case

of nuclear scientists with-,PhD . With regard to nuclear Scientists andengineers

with MS's and BS s, the projected demand for these types is only slightly greater

than the projected supply.

The qUalitative results of the study help to explain some of the reasons why

private industry and the electric utilities do not plan to hire large numbers of

PhD's (including nuclear scientists and engineers). GenerallY,speaking,,private

industry and the electric utilities have or are in the process of undergoing a

transformation from a research orientation to a product developMent (industry) and

operational (utilities) orientation which do not require as muth of thespecial-

ized tedhnical:knowledge as is required by pure and applied research endeavors.

In addition, these organizations have found, through experiente that em4oyees



GENERAL F.!NDINGS

with PhD's generally too theoretical and too specialized to adapt to t new

orientation of private industry and the electric utilities.

Another 4raportant finding was that these organizations foresee a cri

shortage of engineering talent. This shortage will be espr,clally acwte

fields of mechanical and electrical/electronics engineer1r4,..

In anticipation of this shortage of engineers, these organizatiows piwat to

hire a greater number of technician-level personnel to assume some of the Itigineerr's

responsibilities thus freeing the engineer for more productive, creative, attlA

profitable endeavors. The problem here is that the demand for techniciao-level

individuals will far exceed the supply.

Generally speaking, the study shn,ws that only certain types of nuclear scientists

and engineers are needed in substantial quantities by PRIVATE INDUSTRY, ELERIC

UTILITIES, and the EDUCATIONAL INSTITUTIONS. The other major employment merkets

for nuclear scientists and engineers; namely, GOCO organizations (commission labora-

tories, and defense production facilities) and state and federal services, were not

included in this study. Secondly, that,the major problemfacing these organizations

is the projected shortage of clasSical engineers (i.e., mechanical, electrical, etc.).

Thirdly, that in addition to an anticipated shortage. of engineers, these organizations

foresee'a critical shortage of technician-level indiViduals.

Obviously,since the time the data were collected in early 1969,both,the supply

and demand aituations have undergone changes which cannot be reflected inthis report.

However, because GOCO facilities constitute the largest emplOyer of nuclear scien-

tists and engineers, more current demand estimates for this group have been included

at the request of the AEC in order to reflect as accurate a total 'evaluation as

possible.



LIST OF PffIRENT TEM

"NUCLEAR DEGREED"

Refers to those individuals who have received a formal degree in nuclear science

or engineering. It is also used, in the context of this study, to include those

inftviduals who have received a degree in some other science or engineering dis-

cipline but took nuclear science or engineering as a major option. (for example,

a PhD in physics with a major option in nucleax physics.)

"NON-NUCLEAR DECREED"

Refers to those individuals who have received a formal degree in a science or

engineering discipline other than nuclear science or engineering. It floes not

include those individuals
who received a degree in a science or engineering dis-

cipline other than nuclear science or engineering but took nuclear science or

engineering as a uajor option.

"SECTOR"

Refers to an organizational
classification of theatomic energy field. In this

study, the SECTORS of the atomic energy field are; private industry, electric

utilities, eduCational institutions, coMmission laboratories, defense production f

cilities federal services, and other government awned-contract-operated (COCO)

organizations. .

"SEGMENT"

Refers to the functional
classifications of the private industry sector of the atomic

energy field such as; uranium milling, production of feed materials, production of

special materials for use in reactors, fuel element fabrication and recavery activities,

reactor and reactor component design and manufacturing, design and engineering of

nuclear facilities, power reactor operation and manintenance, radioactive waste dis-

posal, nuclear instrument manufacturing, processing and packaging of radioisr,topes,

particle acceIerator.manufacturing,
private research laboratories, industrial radio-

.

,

graphy, Snd misCellaneoua.



LIST OF PERTINENT TERMS

"CURRENT"

Refers to the year 1969 and, in particular, JULY 1969.

"ENTIRE. TOTALS ALL, ETC."

Wherever these words appear in the context of the report, they refer only to those

SECTORS of the atomic energy field covered by the study; namely, private industry,

electric utilities, and educational institutions.

TIME PERIOD OF THE SPUN

The study covers anly the period of time extending from JULY 1969 through

DECEMBER 31, 1973.

ASSUMPTIONS USED IN THE SIUDY

The basic assumption used by the survey participants in preparing estimates of their

technical manpower requirements for 1970 and 1973 was that the present general

economic conditions and trends would continue, including government support for

research and develoiment in nuclear and nuclear-related activities at about the same

fraction of the gross national product as in the past. Secondly, that the availability

of trained acientific and technical manpower at all levela of education adequate for

their-needs would be met. ("The present general economic conditions and trends,"

mentioned above refer to the time at which the study was conducted - July 1969.)

WHAT THE STUDY PURPORTS TO RE

The study is but a "broadbrush" attempt to identify the general trends in require-

ments for technical personnel through 1973 by selected organizations active in the

atomic energy field. The study was not designed to gather detoiled information but

rather an overview nf the technical manpower picture in selected snctara of the atomic

energy field. Because the study is the.first comprehensive attempt to projact tech-,

niCal nanpower requirements of selected Sectors of the atamic energy eld and,



WHAi THE STUDY
PURPORTS TO BE

since the data are generalized, the results should be used only as a guideline

or "starting point" from which more detailed studies and analyses can begin.

THE SURVEY'S "WRIER PROJECTIoN's

The data reported in this study represent the technical manpower projections of

organizations active in selected sectors of the atomic energy field. The participa-

ting organizations projected their technical

based on their current employment statistics

the preceding page. Beyond the limitations

were free to use whatever manpower planning

manpower requirements for 1970 and 1973

and the survey assumptions outlined on

of the assumptions, the respondents

techniques they normally use in pro-

jecting their technical manpower requirements. As with most manpower projections,

confidence in the data decreases the further one projects into the future. Although

this study requested projections for only 01 years, it is felt that the 1973 data

are probably educated "guesses" and are generally optimistic in their outlook.

However, it is felt that both the current employment data

are reliable estimates of technical manpower requirements

zations under the conditions tmposed by the assumptions.

and the 1970 projections

for the surveyed organi-

IDENTIFICATION OF THE cFCToRS OF THEATOmIC

ENERGY FWD CoVFPFD IN THE sTHDY

The ONLY sectors of the atomic energy field covered by the study are the private

Andustry sector, electric utilities sector, and educational-institutions sector.

NOT INCLUDED in the study ate the technical manpower
requirements of GOCO organi-

zations (commission laboratories and deferae production facilities) and state and

federal services. However, estimates of'GOCO employment and demands have been

included in the total evaluation. In addition the data re orted in this stud re-

resents onl technical ersennel whO s end or will be re uired to s

50% of their working time in atomic energy activities.

end at least



CONCLUSIONS

Intervpread throughout the CONCLUSIONS are the author's opinions and observations

regarding both the quantitative and qualitative data presented in the report. These

opinions and observations appear in italics. The reader should not interpret these

opinions and observations as fact but rather as the opinions and observations the

author concluded from his many discussions with the respondents. The author's reme.rks

are not intended to influence the conclusions reached by the reader nor to force

the reader to the author's point-of-view.

TECHNICAL MANPOWER REQUIREMENTS OF THE

PRIVATE INDUSTRY SECTOR OF THE ATOMIC ENERGY FIELD

-STATISTICAL DATA-

(Refer to Tables 1 & 2 -- Pages 2 & 5)

1) ilhe technical manpower requirements of the.private industry sector of the atomic

energy field will grow at a rate of more than 437. between July 1969 and December

31, 1973.

2) The private industry sector's requirements for technicians (including nuclear

reactor operatots and nuclear materials managers) to fill new positions will

increase by almost 50%; scientists by approximately 42%; and, engineers by nearly

39% during the period of time extending from July 1969 through December 31, 1973.'

3) Within the teChnician category, requirements for draftsmen between July 1969 and

December 31, 1913 to fill new positions Will increase by 1,896 followed by physical

science teChnicians (758), other engineering technicians (751), and electrical/

electronics technicians (737).

4) Again, Within the technician'category, health phYsics technicians arid life science

technicians ahow the largest percentage increaae between july 1969 and December 31,

1973 (79% for health physics teChnicians and slightly leas than 79% for life

science technicians).

A

" Z:1
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Table 1
PRIVATE INDUSTRY'S CURRENT (1969) EMPLOYMENT OF SCIENTISTS. ENGINEERS AND TECHNICIANS BY OCCUPATIONAL

CATEGORIES AND ANS PROJECTIONS OF TEC .iNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.
(Dota include only personnel who spend at least 50% of their working time in otomic energy activities. Doto do not include technical
monpower requirements of the electric power utilities, educational institutions, governmentowned.controctor-operated organizations,
national laboratories, defense production facilities ond federal services.)

OCCUPATIONAL CATEGORIES CURRENT
EMPLOYMENT 1970

INCREASE/
DECREASE 1973

INCREASE/
DECREASE

I

PHYSICAL SCIENTISTS (12.9)
3,138

(12.7)
3,478

+340 (12.3)
4,305 +827

LIFE SCIENTISTS (1.
3
6)

39
(1.8)
494

+101
702
(2.0)

+208

ENGINEERS (40.4)
9,831

(40.2)
10,995

+1,164 (38.8)
13,535 +2,540

MATHEMATICIANS (1.7)
42 2

(1.7)
472 +50 (1.7)

601
+129

DRAFTSMEN
(12.7)
3,074

(13.2)
3,607

+533
(14.2)
4,970

+1,363

EL ECTR ICA L & EL ECTRONICS
1 TECHNICIANS

(6.7)

1,617

(6.5)
1,779

+162
(6.7)
2,354

+575

ATHFR FwziNPPRING T PCI-INnANS (8.6)
2 090,

(8.0)
2,207

+117 (8.1)
2,841

.0141- I.u..,,

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS

(1.9)
461

(2.2)
591

+130 (2.4)
825 +234

LIFE SCIENCE TECHNICIANS (0.6)
145

(0.
192

7)
+47

259
(0.8)

+67

PHYSICAL SCIENCE TECHNIC!ANS (6.5)
1,581

(6.5)
7821,

+201
(6.7)
2,339 +557

OTHER TECHNICIANS (5.2)
1,264

2)(5.415

1,
+151

1,
(5.1)

769 +354

NUCLEAR REACTOR OPERATORS (1.0)
234

(1.0)
266

+32 (0.9)
300

+34

NUCLEAR MATERIALS MANAGERS (0.2)
56

(0.3)
76

+20 (0.3)
113 +37

TOTALS (100.0)
24,306

(100.0)
27354

+3,048 (100.0)
34,913 +7,559



CONCLUSIONS

5) Of all the scientists categories, the life scientists show the largest percentage

increase (almost 797.) between July 1969 and December 31, 1973.

6) Of the total number of currently (1969) employed scientists and engineer& working

in the private industry sector of the atomic energy field, about 13% have nuclear

science or nuclear engineering degrees.

7) Nnclear engineers comprise the largest number (1,196) of the currently (1969)

employed nuclear degreed scientists and engineers covered by the survey.

8) Over 78% of the currently (1969) employed nuclear degreed scientists and engineers

covered by the survey have advanced degrees while less than 32% of the other

degreed (non-nuclear) scientists and engineers have advanced degrees.

9) Between July 1969 and December 31, 1973, 808 nuclear scientists and 1,086 nuclear

engineers will be required by the private indUstry sector of the atomic energy

field to fill new and replacement positions.

pp) Of these nearly 1,900 nuclear scientists and engineei4, the percentage that will

be hired by _eaCh industrial-segment of the private industry sector of the atomic

energy:fieldhetween July 1969 andDeCember 31* 1975'are:-

Per,cent DistribUtion of tha EStimated New and
Replacement:Hires of Scientists and Engineers

With Nuclear-Science or:Engineering Degrees by

Each Industrial Segment within the Private
IndUetty 8eCtor Ofthe AtoMic Energy'Field for

the Period Extending ,from July 1969 through

-December 31,-1973Industrial Segments

ReaCtor ic'Reactor Component Design and Manufacturing,

Private Research Laboratories

Design & Engineering of Nuclear Facilities

Fuel Element Pabrication & ReCovery Activitie

processing and Packaging:Radibisotopes

Nuclear InstruMenrManUfactUring

Produ-et±Oil.:Of l'eed Materials

47.6%

25.6%

11.7%

7.1%

3.0%

2.6%

1.5%



CANCLUSIONS

Percent Distribution of the Estimated New and
Replacement Hires of Scientists and Engineers
with Nuclear Science or Engineering Degrees by
Each Industrial Segment within the Private
Industry Sector of the Atomic Energy Field for
the Period Extending from July 1969 through

Industrial Segments December 31, 1973

Particle Accelerator Manufacturing 0.6%

Miscellaneous 0.3%

11) Companies active in uranium milling, production of special materials for use in

reactors, radioactive waste disposal and industrial radiography activities of the

private industry sector of the atomic energy field have not hired nor do they

plan to hire nuclear scientists and/or engineers through 1973.

-IN-DEPTH INTERVIEWS-

1) Industry generally believes that although nuclear scientists and engineers

are quite capable within their field of specialization they are too theoretically

oriented.

This cri7!;icism wiZZ become more apparent in the near Ature as these organizations
have begun to hire more nuclear scientists and engineers for operationaZ rzther
than research responsibilities.

Excluding the largenuclear reactor,and reactOr component manufacturers, companies
,

generally hire:nuclear scientistsi and engineers to fill a teaknological void

currently existing within:their organization.

By hiring such a specialist, the companies not only fill their technological void
but, by so doing, the companies are able to compete in the atomic energy fieZd.
Typically, the nucZear scientist and/or engineer is hired not anZy to estabZish
the company's nuclear capability but also to train the company's (non-nuclear)
technical staff in nuclear technology.

3) For the companies that hire nuclear degreed individuals, there is an overall de-

emphasis on the hiring of PhD's with a corresponding emphasis on the hiring of MS' .

The companies in the induatrial segments covered by the survey assuMe that the

curkent rate of Production of MS's will Continde and, therefOrei :de.not foresee



Table 2
PRIVATE INDUSTRY'S CURRENT (1969) EMPLOYMENT OF SC'ENTiSTS AND ENGINEERS WITH DEGREES IN NUCLEAR

SCIENCE AND ENGINEERING AND ANS PROJECTIONS OF REQUIREMENTS FOR THESE TECHNICAL PERSONNEL
FOR 1970 AND 1973.

(Dote include only personnel who spend ot least 50% of their working time in atomic energy activities. Data do not include technicol

manpower requirements of the electric power utilities, educational institutions, government-owned-controctor-operoted organizations,

national laboratories, defense production facilities ond federol services.)

OCCUPATIONAL CATEGORIES
CURRENT

EMPLOYMENT
1970

INCREASE/
DECREASE

1973
INCREASE/
DECREASE

SCIENTISTS (Life & Physical)
(40. 2)
682

(40. 5)
835

+153
(40.1)
1,108

+273

ENGINEERS
(59.8)
1,013

(59.5)
1,229

+216
(59.0)
1,595

+366

TOTALS
(100.0)
1,695

(100.0)
2,064

+369 (100.0)
2,703

+639



CONCLUSIONS

any difficulty In filling their need for ntclear scientists aud engineers in

the near future.

5) In the educational training of nuclear engineers, the companies would like the

educational institutions to place riv,re emphasis on reactor fuel technology,

reactor materials, reactor design and analysis, fuel.-cycle management, fuel-

cycle analysis, control theory, systems engineering, and radiochemistry.

6) The overwhelminv opinion of the interviewed comaynies was that the BS degree

in nuclear engineering typically results in an individual with "tunnel vision"

who, because of his specialization too early in his career, becomes inflexible

and "pigeonholed" in the company.

The companies normally hire BS nuclear enginamm fbr what they cam do fbr thecompany today. And, unless this individual a manageriaZ potential or broadenshis background in some other engineering dismipline, his advancement within theorganization is hindered.

There are many companies which &snot reall4Flinow what alauclear engineer does.

Furthermore, there are many companies which .,maieve they can adequately compete

in the nuclear field with thef_r existing staln

This belief is shortsighted when one considers the increaaing demand for moresophisticated products materials, and services in the atomic energy field. Aforethan ever before, the demand fbr these products, materials, and services will re-quire the very specialized knowledge offered by nuclear scientists and engineers.

The interviewed companies are relatively confident about the future supply of

scientists in general. However, the vast majority of the interviewed companies

are quite pessimistic concerning the future supply of engineers (i.e., mechanical,

electrical, etc.).

9) The companies would encourage the universities to keep "up-to-date" on the

latest technologies by incorporating immediate coverage of these new develop-

ments in their classical scientific and engineering curriculums.

10) Probabl Y the most urgent problem confronting private industry is the shortage

of qualified technicians. With the anticipated shortage of engineers, the
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companies want to hire more technicians so as to relieve their engineers for

more productive and profitable endeavors.

TECHNICAL MANPOWER REQUIREMENTS OF THERECTRIC

UTILITIES SECTOR OF THE ATOMIC ENERGY FIELD

-STATISTICAL DATA-

;Refer to Tables 17, 18, & 19 -- Pages 8, 9, & 10)

1) The technical manpower requirements of the electric utilities will grow at an

overall rate of 181% between July 1969 and DeceMber 11, 1973.

2) The average number of personnel per nuClear generatingplant is about 78 (based

';on the 1973 manpower estimates for 96 nuclear power:plants in operation by 1977)..

Of these 78 employees per plant, 51 will work at theA3lant site while the re-

maining 27 employees will be part of the utilities' central office staff.

Of the 78 employees per plant, 87% working at the plant site will have no

desrees while 76% working at the central Office will have formal degrees

(based on_the 1973 employment estimates)..

4) Between July 1969 and December 31, 1973, personnel working at the plant site

will increase by 288% (3,629).. The central office staff.will increase by 85%

(1,176) during the same time period.

5) As a utility syStem builds additional nuclear poWer:plants, personnel working

at the plant site increase while the central office.ataff remains relatively

constant.

6) By December 31, 1973, there will be 1 senior reactor operator (supervisory

position) for every 2.3 reactor operators (operating position).

7. The electric utilities are planning to hire 938 technician-level personnel

between July 1969 and December 31, 1973. They are also planning to hfcre 2,582
,
I

"other". people who, although not considered as profeesonal technicians, will
.

:1

't!
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CONCLUSIONS

receive "e nuclear training prior to their plant assignment. (These

"other" yk7,i' do not include clerks, secretaries, guards, etc.)

8) There tala:::--)e a significant increase, percentagewise, in the number of

scientf4st the utilities plan to hire between July 1969 and December 31, 1973.

9) Betweenr .1969 and December 31, 1973, the electric utilities are planning

to hire sit:a7nal of 413 nuclear scientists and engineers to fill new and re-

placemertsitions. Of these 413 individuals, 52 will be nuclear scientists

and 361 LJbe nuclear engineers. By December 31, 1973, nearly 54% of these

nuclear ,:::actists and engineers will have only BS degrees.

-IN-DEPTH INTERVIEWS-

1) The electric utilities that do not now have a nuclear power plant are taking

a ft wait and see If attitude regarding the performance, economics, and social

consideranns of nuclear power plants now being built or in operation.

2) In forecasting their long7range technical manpower requirements, the electric

utilities place considerable emphasis ou what the "state of the art" of the

utility todinstry will be in the future.

3) When hiring a man to meet their short7range manpower requirements, the utilities

look farthe individual who has had the necessary experience to fill the utility's

technicril need today.. However, when the utilities hire an individual to fill a

long-range manpower need, they tend to hire the man for his potential usefulness.

4) The electric utilities have had and will continue to have difficulty in hiring

enough engineers to meet their requirements. In particular, there will be a

shortage of mechanical engineers and engineers experienced in quality control

engineering.

The electric utilitiea believe It is unfortunate that there are only a few courses

(graduate!) :in the claasical engineering CUrricUluMs specifically designed for the

power ,ry.



CONCLUSIONS

6) Although the interviewed electric utilities indicated they would like their

.degreed (non-nuclear) scientists and engineers to have some background in

nurtlear technology, they prefer to have these employees take short or semester

nuclear courses only after they have worked at the utility for a period of time.

7) Nearly 60% of the interviewed electric utilities have been quite successful in

filling their needs for nuclear scientists and engineers.

8) The electric utilities have increased their requirements far nuclear degreed

individuals during the past five years prima-illy because of:

a. the construction of nuclear power plants,

b. increased nuclear power plant construction and

operation requirements of Federal regulatory

agencies, and

c. aa increased awareness of the teChnical

benefits the nuclear engineers bring to

the utility.

9) The electric utilities favor hiring nuclear engineers from schools that have

training reactors.

10) In general, the electric utilities would like nuclear engineers to have more

coursework in quality control and quality assurance. Furthermore, at the BS

level, the nuclear engineer seeMs to be weak in fluids, heat transfer and

strength of materials technologies.

11) There are still quite a few utilities that arg unwilling to pay competitive
salaries for qualified professional employees.

12) With regard to the hiring of technician-level personnel, one of the major

problems facing the utilities is the wage and hourly union agreements which

have limited the utilities' ability to bring in experienced and skilled

personnel at company levels higher than what a typical union employee would

be brought in at.



CONMUSIONS

13) The electric utility indiustry met create a better image oj itself if it expects
to attract quality people. The utility industry wiZZ have to compete for top
college talent, which it desparately needs, by offering exciting and challenging
work and an opportunity to contribute to the social and community problems cur-
rently plaguing the electric utilities.

TECHNICAL MANKINER RE(UIREMENTS OF THE FTMAIIMAL

INSTITUTION SECTOR OF THE ATOMIC ENERGY FIELD

-STATISTICAL DATte-

(Refer to Tables 25, 26, 27 & 28 -- Pages 14, 15, 16, & 17)

1) The rate of growth of technical manpower requirements at the educational

institutions between July 1969 and December 31, 1973 is 34.4%.

2) The universities are planning to place more emphasis on both the teaching of

and the researdh and development in nuclear engineering, health physics,

radiation applications, and radiation biology.

3) Based on the assumption that all new and replacement positions (nuclear

science and engineering faculty, research and development personnel and

nuclear facilities personnel) at the universitieS will be filled with onlY

nuclear degreed scientists and engineers there will be a total demand of

1,392 nuclear scientista and 408 nuclear engineers between July 1969 and

December 31, 1973..

4) Almost 95% of the nuclear science and engineering faculty will have PhD'a

by December 31, 1973.

5) Between July 1969 and December 31, 1975, the universities will need an

additional 625 scientists, 205 engineers, and 138 technicianS to fill new

positions. (Nuclear science and engineering faculty, research and development

personnel and nuclear facilities personnel.)

6) Requirements for the educational institUtions' nuelear facilities staff will show

the largest percentage increase between July 1%9 and DeceMber 31, 1973 (36%)

followed :OloselYby facultY (35%) iand"research and develOnment personnel (35%).
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CONCLUSIONS

CURRENT AND ANS PROJECT OUTPUT, BY THE ED(JCATIONAL INSTITUTIONS, OF SCIENTISTS AND

ENGINEERS WITH DEGREES IN NUCLEAR SCIENCE AND ENGINEERING

1) Between July 1969 and December 31, 1973, student enrollments in coursework

leading to degrees in nuclear science and engineering will increase by almost 53%.

2) Percentagewise, student enrollments in raiJiation biology, thermonuclear physics,

nuclear and radiation chemistry, reactor engineering, and other nuclear engineer-

ing disciplines show the largest increases of the 9 nuclear science and engineer-

ing disciplines listed in the survey questionnaire-

3) Between June 1969 and December 31, 1973, student enrollments in coursework

leading to a BS degree in nuclear science or engineering show the greatest

percentage increase (57%). Numerically, however, the largest increase is

for students enrolled in PhD programs.

ANS ESTIMATES OF THE ANNUAL SUPPLY OF GRADUATING NUCLEAR SCIENTYTS AND ENGINEERS WHO

WILL BE AVAILABLE TO WORK IN THE ATOMIC ENERGY FIELD

1) Slightly more than 15% of the students annually enrolled in nuclear .agineering

degree programs will graduate and be available from employment in the atomic

energy field.

2) More than 19% of the students annually enrolled in nuclear science degree

programs, or pursuing major options in nuclearlscience, will graduate and be

available for employment in the atomic energy field.

3) During the period extending from July 1969 through DeceMber 31, 1973, 5,367

nuclear science and engineering graduates will be available for employment in

the atomic energy field. Of these 5,367 graduates, 2,080 will be nuclear

engineers and 3,287 will be nuclear scientists.

4) The average annual number of graduating nuclear science and engineering students

who will be available for employment in the atomic energy field is 1,073



CONCLUSIONS

(based on 5 academic years). Of these 1,073 nuclear scienceand engineering

graduates each year, 416 will have nuclear engineering degrees and the

remaining 657 will have nuclear science degrees or Major Options in nuclear

science.

5) Of the yearly 1,073 graduating nuclear science and engineering Students who

will be available for employment in the atomic energY:field, 573 will have

PhD's, 295 will have MS's, and 205 will have BS's.

COMPARN OF THE EDUCATIONAL INSTITUTIONS° SUPPLY OF NUCLEARDEGREED SCIENTISTS AND

ENGINEERS AND THE DEMAND FOR THESE TYPES BY THE PRIVATEINDOSTRY;ELECTRIC UTILITIES,

AND THE EDUCATIONAL INSTrTUTIONS SECTORS OF 1HE:AT6MIC.ENERGY FIELD

(Refer to Tables 29 & 30 -- Pages 20 & 21) _

1) The growth in requirements by the private industryvelectric utilities, and

educational institutions sectors of the atomic energyfie1d.for nuclear scientists

and engineers between July. 1969-and December 31, 19734s.-about 53% During this

same time period, the growth in requirements for nuclear Scientists is 46%

while the growth in requirements for nuclear engineersis 62%.

There are more nuclear scientists and engineers greaUating.than there are

available jobs for these types at electric utilitiesi;eduCational institutions,

and companies active in the private industry sectorofthe atomic energy field.

This difference is even more pronounced for nuclear seientists with PhD's.
. .

3) The requirements of the private industry, electric utilities, and educational

institutions sectors of the atomic energy field fornucleat, engineers with MS's

are greater than the estimated supply of these types by. the educational

institutions from July 1969 through DeCember 31, 1973
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CONCLUSIONS

4) Under normal circumstances, the commission laboratories, defense production fa-
cilities, federal services, and other government-owned-contractor-operated
organizations have been the primary source of employment fbr nuclear scientists
and engineers. However; because of the Zarge government cutbacks in both research
and operational appropriations, these empZoyment markets, at least in the near
future, will no Zonger constitute the major employment market for nucZear
scientists and engineers Zet alone scientists and engineers in generaZ.

5) Furthermore, because of these government cutbacks, the commission laboratories
have or are in the process of laying-off some of their technicaZ employees thus
pZacing a Zarge number of experienced individuals in the employment market. It
it these experienced individuals who will temporarily affect the employment
opportunities of nucZear science and engineering graduates in the atomic energy
field.

DEMAND FOR SCIENTISTS, ENGINEERS, AND TECHNICIANS

IN SELECTED SECTORS OF THE ATOMIC ENERGY FIELD

(Refer to Table 36 -- Page 24)

1) Between July 1969 and December 31, 1973, the private industry, electric

utilities and educational institutions sectors of the atomic energy field

will require additional technical manpower at a growth rate of about 49%.

2) For the three sectors.of the atomic energy field included in the survey, require-

ments for techniciang to fill new positions will be greater than requirements

for scientists or engineers-.

3) The three sectors of -thi.omic.energy field included in the survey are

generally de-emphasizing. the employment of PhD's while correspondingly in-

creasing the number:a BS's they plan to hire. This situation is true whether

or not the individual has his degree in nuclear science or engineering.

4) The total technical manpz:wer requirements of the atomic energy field including

those sectors of the field not_covered in the ANS survey but for which

approximate employment Projections were made by the ANS for the period extending

from July 1969 through-December 31, 1973 are 26,078. These technical manpower

estimates are for new poeitions only. Of the estimated 26,078 individuals,

11,861 will be technician level individuals.



ODNCLUSIONS

5) To fill not only new positions but,also replacement positions, the atomic

energy field will need about 67,369 scientists, engineers, and technicians

between July 1969 and Decedber 31, 1973.
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TECIMICAL MANPOWER REQUIRQUES OF SELECTED

PRFVATE INDUSTRIES ACTIVE IN THE ATOMIC ENERGY FIELD

RELATING THE RESULTS OF THE ANS SURVEY TO THE HISTORICAL DATA

PROVIDED BY THE BUREAU OF LABOR STATISTICS' "ANNUAL SURVEY OF

SCIENTIFIC AND TECHNICAL EMPLOYMENT IN THE ATOMIC ENERGY FIELD"

Since the BLS "Annual Survey of Employment in the Atomic Energy Field" provides

the largest set of historical data available on employment in the atomic energy

field, at attempt was made to relate the results of the ANS survey to that data.

Within each economic or functional segment (as defined by the Bwreau of Labor Statis-

tics - BLS), an attempt was made to select representative large, medium, and small-

sized companies with a total number of technical employees of at least 50% of the

total number of technical employees reported by all privately owned companies in

the 1967 BLS survey. A total of 68 organizations were interviewed (70 companies

were contacted). Nine of these 68 organizations are electric power utilities that

have or are planning to have a nuclear power plant in operation by 1976. The results

of these 9 interviews are presented in the section of this report entitled "Technical

Manpower Requirements of the Electric Power Utilities." Of the remaining 59 companies,

5 organizations were interviewed which were not in the 1967 BLS survey. These 5

companies were chosen because of their future growth potential in the atomic energy

field as evaluated by the staff of the American Nuclear Society. Therefore, the

data to be reported in this section were based n a sample of 54 companies active

in the private sector of the atomic energy field.

Data presented in this section of the report represent the results of the

extrapolations, on a segment-by-segment basis, of the data provided by the sample

companies to the total universe (the total number of companies reporting to the

annual BLS survey). The extrapolations were based on a weighed average of the

percentage of the total number of scientists, engineers, and technicians reported

4 5



RELATING THE RESULTS OF THE
ANS SURVEY TO BLS STATISTICS

by the sample companies to the BLS to the total number of scientists, engineers

and technicians reporfed to the BLS by all companies responding to the 196 _967,

and 1968 BLS surveys.

Neither the data collection activities nor statisti;:al extrapolations were

made for the BLS segment entitled "Power Reactor Operations and Maintenance."

This segment was covered as a separate ANS study because: the current and projected

manpower requirements for all electric power utilities that have or are planning

to have a nuclear power plant in operation by 1977 was obtained from the more

recently completed Rossin-Voigt study.

The ANS did, however, conduct a total of 9 in-depth interviews with a select

sample of electric power utilities. For these 9 interviews, only the qualitative

questions of the in-depth Interview were asked and the summation of these inter-

views is presented in the section of this report entitled "Technical Manpower Re-

quirlments of the Electric Power Utilities."

When the ANS attempted to tie its data into the historical BTS data, the

resulting ANS 1969 data were,in total, only 1.1% greater than the 1969 data re-

cently released by the BLS. Significant variations, however, appear,ld in certain

categories as can be seen from the following comparison:

1969 TECHNICAL MANPOWER IN SELECTED SEGMENTS
OF THE ATOMIC ENERGYJ'IELD - PRIVATE SECTOR ONLY

ANS Extrapolated ANS/BLS
CatAgau Data BLS Data Differente % Difference

Scientists

Engineers

Technicians

TOTALS

3,953 2,475 +1,478 (ANS) 374%

9,831 11,293 41,462 (BLS) 12.9%

10 522 10 278 + 244 (ANS) 2.3%

24,306 24,046 + 260 (ANS) 1.1%

4 -26-



RELATING THE RESULTS OF THE
ANG SURVEY TO BLS STATISTICS

The magnitude of the differences between the two reports varies between segments

(i.e., Uranium Milling) and, within each segment, between the number of scientists,

engineers, and technicians. However, it is interesting to note how close the two

surveys are in their overall totals.

The differences between the 1969 ANS projected data and the 1969 BLS actual

reported data can perhaps best be explained by the fact that the individuals in-

terviewed by the ANS were probably not the ones who would ordinarily have completed

the BLS questionnaire and therefore there was some difference in interpretation of

definitions and segments used in the surveys. These differences in numbers are not

considered significant insofar as the accuracy of the ANS survey is concerned.

What the reader should direct his attention to is the identification of the general

trends in future technir-11 manpower requirements of the atomic energy field.

PRESENTATION OF STATISTICAL DATA FOR '2RIVATE INDUSTRY'S

MANPOWER REQUIREMENTS (EXCLUDING ELECTRIC UTILITIES)

Tbe data, extrapolated from the sample companies to the entire universe

(private sector) for 1969, 1970, and 1973, are presented in Table 1. (The man-

power data represents only those employees who spend at least 50% of their working

time in atomic energy activities.) Subtotal data are presented for each of 13

occupational categories. The overall ANS projected growth of manpower in the'

private sector of the atomic energy field between July 1969 and DeCember 31, 1973

is 43.6%.

Percentage increases projeCted by ANS between July 1969 and December 31, 1973

for each of the listed occupatiohal categoriea are:



STATISTICAL MANPOWER REQUIREMENTS
DATS FOR PRIVATE INDUSTRY

Occupational Categories
% Increase Between July 1969
and December 31, 1973 (1)

Numerical Increase
Between July 1969
and December 31, 1973

Nuclear Materials Managers 101.8% 57

Health Physics Technicians 79.0% 364
& Radiation Monitors

Life Scientists 78.6% 309

Life Science Technicians 78.6% 114

Draftsmen 61.7% 1,896

Physical Science Technicians 47.9% 758

Electrical/Electronics 45.6% 737
Technicians

Mathematicians 42.4% 179

Other Techniclans 40.0% 505

Engineers 37.7% 3,04

Physical Sci-entists 37.2% 1,167

Other Engineering Technicians 35.9% 1 751

Nuclear Reactor Operators 28.2% 66

TOTALS 43.6% 10,607

(1) Percentage increases throughout the report are based on a 41/2 year time period

(July 1969 - December 31, 1973).

Although engineers and physical scientists rank first and third with the

numerically largest increases, they rank only tenth and eleventh in terms of

percentage increase between 1969 and 1973. It is interesting to note that 3 of

the top 4 occupational categories, ranked by percent increase, are related to the

life sciences. The signif!..cance of this finding is probably related to the in-

creased awareness, on the part of private industry, of radiation safety, thermo-

pollution and other environmental considerations.



Ta6iz 1
PRIVATE INDUSTRY'S CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL

CATEGORIES AND ANS PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

(Data include only personnel who spend at least 50% of their working time in atomic energy activities. Data do not include technical

manpower requirements of the electric power otilities, educational institutions, government-owned-controctot-operoted organizotions,

notional laboratories, defense production facilities and federal services.)

OCCUPATIONAL CATEGORIES
CURRENT

EMPLOYMENT
1970

INCREASE/
DECREASE

1973
INCREASE/
DECREASE

PHYSICAL SCIENTISTS
( 12.9)
3,138

(12.7)
3,478

+340
(12.3)
4,305

+827

LIFE SCIENTISTS
(1.6)
392

(1.8)
494

+101
(2.0)
702

+208

ENGIN EERS
(40.4)
9,831

(40.2)
10,995

+1,164
(38.8)

13,535
+2,540

MATHEMA fICIANS
(1.7)
422

(1.7)
472

+50
(1.7)
601

+129

DRAFTSMEN
(12.7)
3,074

(13.2)
3,607

+533
(14.2)
4,970

+1,363

ELECTRICAL & ELECTRONICS
TECHNICIANS

(6.7)

1,617

(6.5)
1,779

+162
(6.7)
2,354

...575

OTHFR FWzINFFRING TFri-INICIANS 0
(8.6)

t 2,090
(8.0)
2,207

+117 2,841

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS

1 (1.9)
' 461

12.2)
.. ?1

+130
(2./
825

+234

LIFE SCIENCE TECHNICIANS
(0. 6)
145

(0. 7)
192

+47
(0. 8)
259

+67

PHYSICAL SCIENCE TECHNICIANS
(6.5)
1,581

(6.5)
1,782

+201
(6.7)
2,339

+557

OTHER TECHNICIANS
(5.2)
1,264

(5.2)
1,415

+151
(5.1)
1,769

+354

NUCLEAR REACTOR OPERATORS
(1.0)
234

(1.0)
266

+32
(0.9)
300

+34

NUCLEAR MATERI,v,LS MANAGERS
(0. 2)
56

(0. 3)
76

+20
(0. 3)
113

+37

TOTALS
(100.0)
24,306

(100.0)
27,354

-i 3,048
(100.0)
34,913

+7,559

49



Chart 1
EMPLOYMENT OF SCIENTISTS, ENC:NEERS AND TECHNICIANS BY PRIVATE INDUSTRY FOR EACH YEAR EXTENDING FROM
1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF THE TECHNICAL

MANPOWER REQUIREMENTS OF PRIVATE INDUSTRY FOR 1969, 1970 AND 1973.
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(Data include only personnel who spend at least 50% of their working time in atomic
energy activities..Data do not include technical manpower requirements of the electric
power utilities, educational iostitutions, government-ownedcontractor-operated
organizations, national laboratories, defense production facilities and federal ser-
vices.)
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STATISTICAL MANPOWER REQUIREMENTS
DLTS FOR PRIVATE INDUSTRY

The percent increases projected by ANS between July 1969 and December 31, 1973

for occupational categories consolidated into 3 broad categories of scientists,

engineers, and technicians are:

Occupational Categories

% Increase Between July 1969
and December 31, 1973

Numerical Increase
Between July 1969
and December 31,1973

Technicians (includes
draftsmen, nuclear reactor
operators and nuclear materi-
als managers)

49.9% 5,248

Scientists (includes mathema-
ticians

41,9% 1,655

Engineers 37.7% 3,704

Chart 1 represents the actual historical BLS technical manpower data

(1963-1968) for selected segments of the atomic energy field (electric utilities

excluded) and ANS projections of technical manpower requirements through 1973.

Although each of the 3 categories shows an increase between 1969 and 1973, require-

ments for technicians will be greater than for engineers. This has not been

historically true and the change may reflect the transition of the atomic energy

field from an orientation of research and development to product development.

If such a transition is taking place, one would not expect to see such a large

increase in scientists. However, with the increased concern over environmental

its technical capability with a vIc:v co solving these problems.

Table 2 shows the number of currently (1969) employed scientists and engi-

neers who have degrees in Luclear science and engineering and the re.lquirements

of private industry for these types in 1970 and 1973 as determined by the ANS

survey. Private industry's requirements for scientists with nuclear degrees will

increase by 62.5% between July 1969 and December 31, 1973. Approximately 95

nuclear scientists will be needed each year to fill new positions. Requirements

for nuclear engineers will increase by 57.5% during the same period. About 129

51-31-1-



STATISTICAL MANPOWER REQUIREMENTS
DATA FOR PRIVATE INDUSTRY

nuclear engineers will be needed to fill new positions each year.

The breakdown of all currently (1969) employed scientists and engineers

by educational background, is preseated in Chart 2. Percentages of currently

employed scientists and engineers with a particular educational background to

the total number of currently employed scientists and engineers are as follows:

% of Currently Employed
Educational Background Se.entists or Engineers

Mechanical Engineering

Number of Currently
Employed Scientists

or Engineers

28.2% 3,775

Electrical/Electronics 13.2% 1,772
Engineering

Physics 9.2%

Nuclear Engineering 9.0%

Chemical Engineering 8.8%

Chemistry 7.9%

'ther Engineering Disciplines 6.0%

Metallurgical Engineering 4.5%

Civil Engineering 3.5%

Metallurgy 2.5%

Nuclear Physics 2.0%

Other Sciences 2.0%

Biology 0.9%

Wuclear and Radiation Chemistry 0.7%

Geology & Geophysics 0.6%

Health Physics 0.6%

Other Nuclear Degrees

High Energy Phsycis 0.2%

TOTALS 100.0%

1,223

1,196

1,170

1,054

800

598

466

338

267

265

120

93

86

84

12

23

13,362



STATISTICAL MANPOWER REQUIREMENTS
DATA FOR PRIVATE INDUSTRY

Scientists and engineers with nuclear science and engineering degrees comprise

12.7% (1,195) of the total number of currently employed scientist- and engineers.

(The cover of this report presents a graphic representation of the distribution

of the currently emplorA scientists and engineers working in tile private sector

of the atomic energy field by educational backgrounds.)

3 shows the breakdown cf the currently employed scientis:-.: end engi-

neers by level of degree, for both degreed (non-nuclear) and nuclear degreed

personnel. Of the currently employed nuclear degreed scientists and engineers,

21.9% have BS's; 53.4% have MS's; and, 24.7% have PhD's. Of the other degreed

(non-nuclear) personnel currently employed by private industry, 68.1% have BS's;

23.4% have MS's; and, 8.5% have PhD's. For nuclear degreed scientists and engi-

neers, the companies seem to prefer MS-level graduaZes while for the other degreed

(non-nuclear) scientists and engineers the preference apparently is for BS-level

graduates.

There is a difference of 147 people between the total number of degreed

personnel (13,215) and the total number of scientists and engineers listed by

educational backgrounds (13,362). This disparity is due to the fact that these

147 individuals do not have college degrees but, based on their training and

experience, are considered to be equivalent to jegreed personnel. Therefore, of

the total staff of scientists and engineers currently employed by private indt-itry,

1.1% do not have academic degrees but through training and experience are assigned

job responsibilities equivalent to degreed individuals.

The annual requirements by private industry for nuclear degreed scientista

and engineers between July 1969 and December 31, 1973 to fill new positions are:



Table 2
PRIVATE INDUSTRY'S CURRENT (1969) EMPLOYMENT OF SCIENTISTS AND ENGINEERS WITH DEGREES IN NUCLEARSCIENCE AND ENGINEERING AND ANS PROJECTIONS OF REQUIREMENTS FOR THESE TECHNICAL PERSONNEL

FOR 1970 AND 1973.
(Data include only personnel who spend at least SO% of their working time in atomic energy activities. Dato do not include technicalmanpower requirements of the electric power uffiities, educationol

institutions government-owned-contractor-operated organixalions,national [chore:caries, defense production facilities and federal services.)

OCCUPATIONAL CATEGORIES CURRENT
EMPLOYMENT 1970 INCREASE/

DECREASE 1973 INCREASE/
DECREASE

SCIENTISTS (Life & Plv;ical) (40.2)
682

(40.5)
835 +153 (40.1)

1,108 +273

ENGINEERS (59.8)
1,013

(59..5)
,229 +216 (59.0)

1,595 +366

TOTALS (100.0)
1,695

(100.0)
2,064

-369 (100,0)
2,703

+639
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STATISTICAL MANPOWER REQUIREMENTS
DATA FOR PRIVATE INDUSTRY

Year

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL NEW POSITIONS

Scientists Engineers

1969 (6 mo.) 51 72

1970 102 144

1971 91 122

1972 91 122

1973 91 122

To arrl.,4,4 at the total technical wanpower requirements of private industry

for nuclear degreed personnel, allowance for attrition must be included in

addition to requirements to fill new positions. %Allowances for attrition to be

used throughout this report are: 8.4% for scientists and 7.6% for engineers.)(2)

Nuclear Scientists Nuclear Engineers

Year Growth Replacement Total Growth Replacement Total

1969 (6 mo.) 51 57 108 72 77 149

1970 102 70 172 144 93 237

1971 91 77 168 122/ 102 224

1972 91 85 176 122 111 233

1973 91 93 184 12',. 121 243

TOTALS 426 382 808 582 504 1,086

Average Annual
Incremental
Requirements
(41/2 yrs.) 94.7 84.9 179.6 129.3 112.0 241.3

Between July 1969 and December 31, 1973, a tOtal of 1,894 nuclear degreed person-

nel will be required by the private sector of the atomic energy field for new

and replacement positions, .s total requirement averages out to an annual

need of n1)out 421 nuclear degreed scientists and engineers.

(2) "Projection Manrower Supply in a Specific Occupation," Neal Rosentham,

Monthly Leibor Revic,..s, Nov. 1966, U.S. Dept. of Labor, Bureau of Statistics



STATISTICAL MANPOWER REQUIREMENTS
DATA FOR PRIVATE INDUSTRY

Further statistical analyses and the summation of the in-depth interviews

will be covered for each of the 13 functional segments of the private sector

of the atomic energy field. The "Power Reactor Operations and Maintenance"

segment will be described in the section of this report entitled "Technical Man-

power RequireAents of the Electric Power Utilities."



URANIUM NIU_ING

BLS Segment Definition -- Reduction of uranium ores to concentrates f',9r further

processing as feed materials

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 16.4% of all engineers, 35.9%

of all scientists and 28.0% of all technicians working in the uranium milling

segment as reported by the BLS. The historical BLS data for scientists, engineers

and technicians working in the uranium milling segment are given below:

Year Scientists

aistorical BLS Data (1963 - 196E)

Technicians TotalsEngineers

1963 49 169 138 356

1964 27 133 113 273

1965 26 129 105 260

1966 22 146 129 297

1967 82 134 13'6 352

1968 64 61 82 207

Data provided by the sample companies and extrapolated by the ANS to the

entire uranium milling segment for 1969, 1970 and 1973 are presented in Table 3.

The overall growth of technical manpower requirements for the uranium milling seg-

ment of the atomic energy field, between July 1969 and December 31, 1973, is 26.3%.

The percent increases between July 1969 and December 31, 1973 for eadh of the

listed occupational categories are:

Occupational Categories

Life Scientists

Health Physics Technicians
& Radiation Monitors

Numerical Increase
Increase Batween July 1969 Between July 1969

and December 31., 1973 and December 31 1973

500.0% 10

182.4% 31



Table 3
URANIUM MILLING

CURRENT (1959) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

(Data include or ly per3onnel employed by privately-owned companies active in uranium milling who spend at least 50% of their work-
ing time in atomic energy activities.)

OCCUPA'. IONAL CATEGORIES
CURRENT

EMPLOYMENT 1970
INCREASE/
DECREASE 1973

INCREASE/
DECREASE

PHYSICAL SCIENTISTS 77 72 -5 79 +7

LIFE SCIENTISTS 2 2 12 +10

ENGINEERS 236 244 282 +38

DRAFTSMEN 30 3:. +5 30 -5

ELECTRICAL & ELECTRONICS
TECHNICIANS 4 4 4

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS 17 30 +13 48 +18

PHYSICAL SCIENCE TECHNICIANS 56 78 +22 78

TOTALS 422 465 +43 533 +68



(Cont'd)
Occupational Categories

% Increase Between July 1969

and December 31, 1973

URANIUM MILLING

Numerical Increase
Between July 1969
and December 31. 1973

Physical Science Technicians 39.37. 22

Engineers
19.5% 46

Physical Scientists
2.6% 2

Draftsmen
0.0%

Electrical/Electronics
0.0%

Techrticians

TOTALS
26.3% 111

Consolidating the above occupational categories into three broad categories

of scientists, engineers, and technicians, this breakdown shows the following per-

cent increases between July 1969 and December 31, 1973:

Numerical Increase

% Increase Between July 1969 Between July 1969

and December 31 1973 and December 31, 1973

Technicians (Includes 49.5% 53

Draftsmen)

Engineers

Scientists

19.5% 46

15.2% 12

The largest increase, both numerically and percentagewise, is for technicians.

In this category, health physics technicians show the largest increase. This in-

crease probably reflects the uranium industry's increased concern with providing

its employees and the surrounding communities with well-established radiation

protection programs.

Chart 4 represents the actual hintorical BLS technical manpower data (1963-

1968) for the privately owned uranium milling industry, and ANS projections of

this industry's requirements for technical manpower through 1973.

Currently, -none of the interviewed companies have employed nuclear degreed

scientists and engineers. Purthermnre, these companies.do not anticipate a need

3



Chart 4EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE URANIUm MILLINGSEGMENT oF THE PRIVATE SECTOR oF THE ATOmIC ENERGY FIELD FOR EACH YEAR EXTENDING FROm 1963THROUGH 1968 (AS REPoRTED By THE BUREAU OF LABOR STATISTICS) AND ANs PROJECTIONS oF THETECHNICAL MANPOWER REQUIREMENTS FoR 1969, 1970 AND 1973.1,000

(Dote include only personnel employed by privately-owned companies active inuranium milling who spend at mast 50% of their working time in atomic energyactivities.)

900 KEY:
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--- 1969-1973 ANS Projected Data
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URANIUM MILLING

for nuclear degreed personnel in 1970, although one of the interviewed companies

indicated an interest in hiring a nuclear scientist by 1973. ANS extrapolations

of the data from the sample companies to the total uranium milling industry re-

sults in a requirement of only 2 nuclear scientists by 1973.

Percentages of currently employed scientists and engineers with a particular

educational background to the total number of scientists and engineers currently

employed in the uranium milling segment are:

Number of Currently

% of Currently Employed Employed Scientists

Educltional Background
SrAentists or Engineers or engineers

M
20.6%

echanical Engineering
65

Chemistry
19.0% 60

Chemical Engineering
17.5% 55

Ueology & Geophysics 15.9% 50

Other Engineering Disciplines 14.3% 45

Metallurgical Engineering
6.3% 20

Physics
3.27. 10

Electrical/Electronics
1.67, 5

Engineering

Biology
1.6% 5

TOTALS
100.0% 315

Of the currently employed scientists and engineers, 4.0% have BS's; 14.3Z

have MS's; and 4.7% have PhD's.

SUMMATION OF IN-DEPTH INTERVIEWS

The majoritYof degreed personnel eMployed 'at the interviewed companies work

in test and evaluation, production, and management activities. Some of the degreei

people are assigned 'to mining exploration activities. Technician level personnel

work primarily in test and evaluation activities.



URANIUM MILLING

When these companies hire degreed technical personnel, their primary eval-

uation is the canaidate's work experience. These companies have had no difficulty

in filling their needs for degreed personnel during the past five years and they

do npt expect any difficulty in the near future. Likewise, the companies have

been successful in hiring technicians although they foresee a shortage of techni-

cians in the future.

Although many factors go into their manpower planning activities, "histori-

cal manpower data" and "dollar value of shipments" have been the two most reliable

measures of their technical manpower requirements.

The companies believe their degreed (non-nuclear) personnel would benefit

from coursework in nuclear seience and engineering (i.e., reactor fuel technology,

reactor materials, nuclear chemistry, health physics, and radiation safety).

However, advanced coursework in chemistry, metallurgy, and metallurgical engin-

eering would have a more practical application.

The interviewed companies expect the uranium milling business to level off

during the next three years, followed by a sharp increase during the .mldseventies.



PRODUCTION OF FEED MATERIALS

BLS Segment Definition -- Converting uranium concentrates and ores to metal;

refining and preparing oxides, florides, carbides, etc.;

also uranium U-235 enrichment. Includes the recovery of

scrap frcm the above processes.

PRESENTATION OF STATISTICAL DATA

This segment of the ato,zc energy field is primarily Composed of government-

owned establishments (about 90% of all companies reporting in this segment in the

1968 BLS survey were government-owned
establishments) and, therefore, the extrapo-

lation of the data could be made only from the data reported by the privately owned

organizations. In presenting the historical BLS manpower data, only the technical

employment data for the nongovernment-owned
establishments will be made.

In 1968, the sample represented 45.6% of all engineers, 26.1% of all scientists,

and 16.7% of all technicians working in the production of feed materials segment

(privately owned companieS) as reported to the BLS in 1968. The historically ad-

justed BLS data for scientists, engineers, and technicians working in the private

sector of this segment of the atomic energy field are given below:

Year Scientists

Historical BLS Data (1963-1968)*
TotalsEngineers Technicians

1963 36 44 47 127

1964 36 44. 46 126

1965 35 44 45 124

1966 39 45 52 136

1967 41 49 56 146

1968 46 57 60 163

* Data is only for nongovernment owned establishments.

The sample data was extrapolated by the ANS to the entire production of feed

materials segment (privately owned) for 1969, 1970, and 1973. The results are



Table 4
PRODUCTION OF FEED MATERIALS

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OP TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

(Data include only personnel employed by privately-owned companies active in production of feed materials wh, spend at leas* SO%
of their working timo in atomic energy activities.)

_ OCCUPATIONAL CATEGORIES
CURRENT

EMPLOYMENT 1970
INCREASE/
DECREASE 1973

INCREASE/
DECREASE

PHYSICAL SCIENTISTS 27 18 -9 28 +10

LIFE SCIENTISTS 14 +14

ENGINEERS 77 86 +9 123 +37

MATHEMATICIANS 5 5 13 +8

t DRAFTSMEN 9 19 +10 28 +9

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS 6 +6 10 +4

, IFE SCIENCE TECHNICIANS 71 79 +6 79 _

TOTALS 191 213 +22 295 +82
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presented in Table 4. The overall growth in technical manpower requirements for

this segment between July 1969 and December 31, 1973 is 54.5%.

The percent increases between July 1969 and December 31, 1973 for each of

the listed occupational categories are:

Occupational Categories

Draftsmen

Mathematicians

Engineers

Life Science Technicians

Physical Scientists

Lite Scientists

Health Physics Technicians
& Radiation Monitors

TOTALS

%.increase Between July 1969
and December 31, 1973

Numerical Increase
Between July 1969
and December 31, 1973

211.1% 19

160.0% 8

59.7% 46

8.2% 6

3.7% 1.

14

10

54.5% 104

Health physics technicians are not currently employed at these companies but by

1970 6 will be hired. An additional 4 health physics technicians will be hired by

1973. In the case of life scientists, the companies have not hired these types to

dete but are planning to hire 14 by 1973.

Consolidating the above occupational categories into three broad categories .

of scientists, engineers,and technicians, shows the following percent increases

between July 1969 and December 31, 1973:

% Increase Between July 1969
Occupational Categories and December.31,:1973

Scientists (Includes
Mathematicians)

:Rugineers

Nuterical Increase
Between July 1969
and DeceMber 31, 1973

71.9% 23

59:7%

Technicians (Includes 42.7%
Draftsmen)

46

35



Chart 5
EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE PRODUCTION OF FEED

MATERIALS SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR EXTENDING
FROM 1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF

THE TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973.
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(Data include only personnel employed by privotely.owned companies active in the /
production of feed materials who spend at least 50% of their working time in atomic /energy activities.)
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The scientist category shows the largest increase percentagewise; despite the

fact that between 1969 and 1970, nine physical scientists will be lost. Chart 5,

represents the actual historical BLS technical manpower data (1963-1968) for the

entire non-government-owned companies active in the production of feed materials

segment and ANS projections of this segment's requirements for technical personnel

through 1973.

lhe past, present, and future total employment of engineers and technicians

roughly parallel each other while projections for scientists in 1969 and 1970

show a significant drop. Between 1970 and 1973, the scientist category increases

to a point greater than their actual number in 1968.

Currently, there are 4 nuclear scientists employed by the privately owned

companies active in the production of feed materials segment. The requirements

for nuclear degreed scientists will increase by 260.07. between 1969 and 1973.

Approximately 3 nuclear scientists will be needed each year to fill new positions.

Although these companies do no, at the present time, employ nuclear engineers,

they are planning to hire 3 by 1970 and an additional 8 by 1973.

Percentar, ,f Prrently employed scientists and engineers with a particular

education, to the total number of currently employed scientists and

engineers are as follows:

Educational BackgrOunda

Chemistry

hemiCal Ehgineering

Mechanical Engineering

Metallurgical Engineering

ElectriCal/Electronics
Engineering

% Of Currently EmOloyed
ScientistSand En inders'

25.'9%

17.3%

8.7%

7.7%

Number ourrently
Eniployed :Scientists

and Engineers

27.

21

18

9
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(Coned)
Educational Backgrounds

% of Currently Employed
Scientists and Engineers

Number of Currently
Employed ScientiE,ts

and Engineers

Physics 6.7% 7

Other Engineering Disciplines 5.8% 6

Nuclear Chemistry 4.8% 5

Metallurgy 2.9% 3

TOTALS 100.0% 104

Of the 5 currently employed nuclear chemists, 2 have BS's; 2 have MS's; and, 1

has a PhD. Of the other degreed (non-nuclear) personnel, 74.1% have BS's; 19.0%

have MS's; and, 6.9% have PhD's.

Annual requirements for nuclear degreed scientists and engineers between

July 1969.and December 31, 1973 to fill new positions are:

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL NEW POSITIONS

ScientistsYear

1969 (6 mO.)

1970

1971

0

'Engineers

Allowances for;:ittrition must be.inCludediwith thiS segment'S need for

-scientist's and,enginpers to-fill.new:positiOns'tU.Arrive at:thetotal .technical

manpower:requireMents for nuclear degreed nersOnneL (AllOWances for attrition_

are the same as those used previously in this report: 8.47 for scientists and

7.6% for engineers.)



Nuclear Scientists
Total

PRODUCTION OF FEED MATERIALS

Nuclear Engineers
Total

Year Growth Replacement Growth Replacement

1969 (6 mo.) 0 0 0 1 0 1

1970 0 0 0 2 0 2

1971 4 0 4 2 0 2

1972 4 1 5 3 0 3

1973 5 2 7 3 1 4

TOTALS 13 3 16' 11 1 12

Average Annual
Incremental
Requirements

(41/2 yrs.) 2.9 0.7 3.6 2.4 0.2 2.6

Between July 1969 and December 31, 1973, a total of 28 nuclear 4egreed per-

sonnel will be needed by the privately owned companies active in the production

of feed materials segment. This requirement averages out to be about 6 nuclear

degreed personnel each year to fill new and replacement positions within these

companies.

SUMMATION OF IN-DEPTH INTIERVIEWS

Within this segment of the atomic energy field, nuclear degreed personnel

work primarily in Standards and specifications and technical assistance and con-

sulting 'activities. Thecitherdegreed _(non-nuclear) personnel Work in the follow-

-ing company activities:

Development

. Construction

, Production

Data,collection, processing and analysis

Installations,- operations and maintenance

Although there are feWAven positions for nuclear degreed individUals, there

haa been 'sothe difficUlty in hiring nuCIear types'. With regard to the hiring of
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other degreed (non-nuclear) scientists and engineers, there has been good success.

There has also been success in hiring technicians.

In the future, the supply of nuclear degreed scientists and engineers is ex-

pected to be large enough to meet the demands. Furthermore, the supply of other

degreed (non-nuclear) scientists and engineers will be adequate. However, although

there will be a sufficient supply, there may be some difficulty in hiring the well-

qualified individual. It is believed that the future supply of technicians will

fall considerably short of the demand. In anticipation of this technician short-

age, an attempt will be made to institute technician training programs integrating on-

the-job training, short courses at a local technical and/or trade school, and train-

ing provided by their vendors.

Generally speaking, nuclear degreed individuals are hired to fill specialized

technological needs but, beyond these specialized needs, scientists and engineers

are hired with backgrounds ia the trad±tianal scientific and technical disciplines and

given on-the-job nuclear training. Nuclear degreed personnel are hired not only to

solve very specialized technical problems but secondarily, to direct the training

of the company's technical staff in the technologies of nuclear science and engi-

neering.

For future employees, a preference will be made for the degreed (non-nuclear)

scientist or engineer who has had one or two coursef. in nuclear science and engi-

neering. The nuclear courses that would be most applicable to the technical en-
;

vironment of this segment of the atomic energy field are:

a. Waste disposal

b. Reactor f?-el technology

c. Radiochemistry

. Health physics

e. Radiation,Safety

f, FUel-oycle management
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In addition, coursework in basic economic theory would be helpful.

In developing manpower projections, factors such as "increasing nuclear power

plant generating capacities" and "dollar value of backorders" are used as reliable

measures of technical manpower needs.



PRODUCTION OF SPECIAL. MATERIALS FOR USE IN RENCTORS

BLS Segment Definition -- Such as reactor grade graphite, boron, stainless steel,

boron uranium, beryllium, dYsprosium, dysprosium dis-

persions, hafnium, hafdispersions, polonium, silver-

cadmium-indium, zirconium, zircaloy, and heavy water.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed cot :lies employed 58.4% of all engineers, 70.7% of

all scientists, and 66.8% of all technicians working in this segment as reported

to the BLS. The historical BLS data for scientists, engineers, and technicians

working in the production of special materials for use in reactors segment are

given below:

Year
Historical BLSA:oata (1963-1968)

TotalsScientists Engineers, Technicians

1963 68 156 344 568

1964 68 177 281 526

1965 57 .121 218 396

1966 50 132 240 422

1967 43 117 243 403

1968 36 -149 -277 4.62

The data provided-by thesample .coMpanies An4 ?"1:::ip,nifft.ted to the eiire

,prOduction of special materials ler use inreactors segMent.fOr 1969,.-1970 and
: .

1973, are presented in Table. 5 Thenverall growth.of technical manpower re-

quirements forthis-industry betweenJuly 1969-and DeCember 31, 1973 AS45,12.

Percentage increases between July'1969 and December 31, 1973 for aach t).

the listed occupational- categories are:

OCcupational Categories

Other Technicians

NOmerical Increase
%Increase Between July 1969 Between July 1969

and December 31 1973 and-December 31 1973

150.O% 96



Table 5

PRODUCTION OF SPECIAL MATERIALS FOR USE IN REACTORS
CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS

PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

(Data include only personnel employed by privatoly-owned companies active in production of special materials for use in reactors who

spend at least 50% of their working time in atomic energy activities.)

OCCUPATIONAL CATEGORIES
CURRENT

EMPLOYMENT
1770

INCREASE/
DECREASE

1973
INCREASE/

.DECREASE

PHYSICAL SCIENTISTS 90 103 +13 126 +23

LIFE SCIENTIVS 1 1
1

....

ENGINEERS 118 146 +28 164 +18

DRAFTSMEN 15 21 +6 21

ELECTRICAL & ELECTRONICS
TECHNICIANS

16 19 +3 25 +6

OTHER ENGINEERING TECHNICIANS 108 109 +1 118 +9

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS

3 4 +1 4

PHYSICAL SCIENCE TECHNICIANS 117 133 +16 153 +20

OTHER TECHNICIANS 64 81 t 17 160 +79

TOTALS 532 617 +85 772 +155



PRODUCTION OF SPECIAL MATERIALS
FOR USE IN REACTORS

(Cont'd)
Occupational Categories

% Increase Between July 1969
and December 31, 1973

rumerical Increase
Between July 1969
and December ?It 1973

Electrical/Electronics 56.3% 9

Technicians

Physical Scientists 40.0% 36

Draftsmen 40.0% 6

Engineers 39.0% 46

Health Physics Technicians 33.3% 1

& Radiation Monitors

Physical Science Technicians 30.8% 36

Other Engineering Technicians 9.3% 10

Life Scientists

TOTALS 45.1% 240

Consolidating the above occupational categories into three broad categories

of scientists, engineers, and technicians, shows the following pEe xreases

between July 1969 and Dr..cember 31, 1973:

Occupational Categories

Numerical Increase
% Increase Between july 1969 Between July 1969

and December 31, 1973 and December 31, 1973

Technicians (Includes 48.9% 158
draftsmen)

Scientists 39.6% 36

Engieers 39.0% 46

The largest increase, both numerically and percentagewise, is in the

technician category.

Chart 6 represents the actual historical BLS technical manpower data (1963-

1968) for privately owned'companies active in the production of special materials

for use in reactors segment, and ANS projections of this segment's requireMents

for technical manpower through 1973. This chart shows that technicians will



Chaft 6
EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACT: iE IN THE PRODUCTIOh. OF SPECIAL

MATERIALS FOR USE IN REACTORS SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIL:LL) FO!:
YEAR EXTENDING FROM 1963 THROUGH 1963 (AS REPORTED BY THE BUREAU OF LABOR S1ATISTICSi AND AW:

PROJECTIONS OF THE TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973.
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PROUUCTION OF SPECIAL MATERIALS
FOR USE IN REACTORS

conLinue to be not only the largest numerical group but also will experience the

largesL percent increase. Requirements for engineers will remain essentially the

same while requirements for scientists will increase.

Currently, none of the interviewed companies employ nuclear degreed scientists

or engineers and they do not anticipate a need for these types in the near future.

The percentage of currently employed scientists and engineers with a particular

educational background to the total number of currently employed scientists and

engineers are as follows:

Educational Backgrounds
% of Currently Employed
Scientists or Engineers

Number of Currently
Employed Scielltists

or Engineers

Chemistry 23.5% 49

Chemical Engineering 18.9% 40

Metallurgy 18.2% 38

Physics 11.4% 24

Other Engineering Disciplines 10.6% 22

Metallurgical Engineering 7.6% 16

Geology & Geophysics 4.5% 9

Mechanical Engineering 3.0% 6

Electrical/Electronics 2.3%
Engineering

TOTALS 100.0% 209

Of the currently employed degreed (nen-nuelear) scientists and engineers,

69.7% have BS's; 20.5% have MS's; and 9.8% have -PhD' .

SUMMATION OF IN-DEPTH INTERVIEWS

The interviewed companies prefer to hire the experienced scientist and

engineer. This is especially true if the candidate has worked for another



PRODUCTION OF SPECIAL MATERIALS
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company active in the atomic energy field.

During the past five years, these companies have had good to excellent

success in hiring degreed qualified and experienced personnel. In 1969, however,

they are experiencing some difficulty hiring these types and, as a result, they

have begun to hire a greater number of recent college graduates. The companies

have been successful in this endeavor and attribute their success to the fact

that recent graduates prefer to associate themselves with young, growth-oriented

organizations such as these companies.

With regard to the competency of young graduates, the companies believe

the universities are placing too much emphasis on intradiscipline specialization.

The companies prefer graduates who have a broad but basic knowledge of th,Ar

profession. The companies believe this type of training allows the individual

to be more flexible within the comrany and, therefore, more valuable.

None of the interviewed companies have employed or are planning to employ

nuclear degreed scientists and engineers. They do not believe that a nuclear

degreed individual would add significantly to the company's overall technical

capability. One of the interviewed organizations stated: "their company is a

materials oriented organization that does not need nuclear degreed individuals

as they are typically oreinted to reactor technology."

The majority of their degreed employees work in the following company

activities:

1. Research and development

2. Production

3. Test and evaluation

4. Standards and specifications

5. Technical assistance and consulting





?RODUCTION OF SPECIAL MATERIALS
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Although half of the companies do not believe their degreed employees would

benefit from coursework in nuclear sa.ence and engineering, the remaining com-

pn.3.es do believe their degreed technical employees would benefit. These com-

palies would like the universities to include some nuclear courses in the

traditional science and engineering curriculums. The nuclear courses they would

like to see incorporated into the classical science and engineering disciplines

are:

Furthermore,

technology,

4ll the interviewed CoMpanieshave had good

they

1. Reactor materials

2. Radiochemistry

3. Radiological physics

4. Health physics

5. Fuel-cycle management

6. Fuel development (uranium and plutonium)

believe the universities should place more emphasis on ceramic

ments for professional technicians (at

school training).

success filling:their require-

leaSt 2 years of college or technical

They alsO hire a large number of non-professional technicians

for work in production activities . Professional technicians are normally

assigned tO xesearch an&deVelOpment And test and evaluatiOn'act4Vities. The

Only nuclear cOursesthat would*be ofrbenefittOtheir tethniciAns Are nuclear

eilemistry and'health physics'.

"IncreaSing nuclear power Plant generating capacities" and "sales forecasts"

have historiCally proven to be the most reliable measUres of their technical

manpower:requirements.:.

With regard to the intetviewed companies evaluatiov of their industry's

growth potential, they believe that, requirements for special reactor materials

80



will continue to grow at

PRODUCTION OF SPECIAL MATERIALS
FOR USE IN REACTORS

the present rate through the midseventies, followed by

a period of relative stability.



FUEL ELEMENT FABRICATION & RECOVERY ACTIVITIES

BLS Segment Definition Includes the manufqcture of fUel elements and cladding

materials for reactors; the recovery and chemical pro-

cessing of irradiated uranium and pZutonium fuels to

separate fission products from irradiated fuel elements;

and the scrap recovery and processing of unirradiated

uranium metaZ, aZZoys, uranium, depleted dispersions,

and compounds from fuel element fabrication plants.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 28.5% of all engineers, 14.5%

of all scientists, and 22.8% of all technicians working in this segment as

reported by the BLS. The historical BLS data for scientists, engineers, and

technicians employed in the fuel element fabrication and recovery segment are

given below:

Year Scientists

1963 124

1964 137

1965 128

1966 139

1967 148

1968 207

The data proviihd by

Historical BLS Data (1963-1968)
Techniciansngineers

551

586

514

496

479

Totals

701 1,376

766 1,489

679 1,321

1,377

858

thesample:-COmpanies and extrapolated:b the ANS to the

entire fuel element fabricat,ion and recovery Segment (privately owned) for 1969,

1970, and 1973 are presented in Table 6. The,uverall growth in technical manpower

requirements for this industry between 4uly 1969 and December 31, 1973 is 41..27 .



Table 6
FUEL ELEMENT FABRICATION AND RECOVERY ACTIVITIES

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER ;;;EQUIREMENTS FOR 1970 AND 1973.

(Data include only personnel employed by privately-owned companies active in fuel element fabrication and recovery activities who
spend ae least 50% of their working time in atomic energy activities.)

OCCUPATIONAL CATEGORIES CURRENT
EMPLOYMENT

1970 INCREASE/
DECREASE

1973 INCREASE/
DECREASE

PHYSICAL SCIENTISTS 437 479 +42 650 +171

LIFE SCIENTISTS 65 77 +12 130 +53

ENGINEERS 408 475 +67 569 +94

MATHEMATICIANS 89 89 10'1 +12

DRAFTSMEN 55 69 +14 6C7

ELECTRICAL & ELECTRONICS
TECHNICIANS 14 14 28 +14

OTHER ENGINEERING TECHNICIANS 13 13 23 +10

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS 125 15 180 +55

PHYSICAL SCIENCE TECHNICIANS 360 407 +47 517 +110

OTHER TECHNICIANS 157 157 166 +9

NUCLEAR MATERIALS MANAGERS 19 18 27 +9

TOTALS 1,742 1,923 4181 2,460 +537

8



FUEL ELEMENT FABRICATION
& RECOVERY ACTIVITIES

The percent increases between July 1969 and December 31, 1973 for each of

the listed occupational categories are:

Occupational Categories

Life Scientists

Electrical/Electronics
Technicians

Other Engineering
Technicians

Physical Scientists

Health Physics Technicians
& Radiation Monitors

Physical Science Technicians

Nuclear Materials Managers

Engineers

Draftsmen

Mathematicians 13.5%

Other Technicians

TOTALS

% Increase Between July
and December 31, 1973

Numerical Increase
1969 Between July 1969

and December 31, 1973

100.0% 65

120.0% 14

776.9 10

4%8.7% 213

4,4.0% 55

43.6% 157

42.1% 8

39.5% 161

25.5% .14

The fact that there are large:nUmerical teildirMents for PhysiCal sCientists and

physical acienCeitethnicians points:out'thehigh priority these companies Are

placing on the scientific: aspeCtsof fuel technology research and development.

Consolidating theabove oCCupational categories into three broad categorieS

of scientists, engineers, and technicians, shows the

between July 1969 and DeCember 31, 1973:

84

following percent increases



FUEL ELEMENT FABRICAT71) N
& RECOVERY ACTIVITIEF,

%

Occupational Categories
Increase Between July
and December 31, 1973

Numerical Increase
1969 Between July 1969

and December 31, 1973

Scientists (Includes 49.1% 29C)

Mathematicians

Engineers 39.5% 161

Technicians (Includes 35.9% 267

Draftsmen and Nuclear
Materials Managers)

Chart 7 represents the actual historical BLS technical manpower data (1963-

1968) for the privately owned companies active in fuel element fabrication and

recovery activities, and ANS projections of this segment's requirements for

technical manpower through 1973.

Requirements for scientists show the greatest increase, surpasing the total

number of engineers that will be employed in this segment by 1973. Employment of

technicians will drop slightly between 1968 and 1969 but numerically will increase

at a rate which, by 1973, will be greater than the number of technicians employed

in 1968.

Currently, there are 6 nuclear scientists and 41 nuclear engineers employed

by the privately owned companies active in the fuel element fabrication and re-

segment. Between 1969 and 1973, 47 nuclear scientists will be hired by

these companies. Furthermore, the companies will more than double their require-

ments for nuclear engineers during this period.

Percentages of currently employed scientists and engineers with a particular

educational background to the total number of currently employed scientists and

engineers are as follows:

% of Currently Employed
Scientists and Engineers

NUmber 'of, Currently
Employed Scientists

and Englpeers:

31.3% 285



Chart 7
EMPLOYMENT OF SCIENTISTS. ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE FUEL ELEk,ENT FABRI-

CATION AND RECOVERY SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY IELD FOR EACH YEAR
EXTENDING FROM 1963 THROUGH 1968 AS REPORTED BY THE BUREAU OF LABOR SI ATISTICS) AND ANS

PROJECTIONS OF THE TECHNICAL MANPOWER REQUIREMENTS FOR 1969. 1970 AND 1973.
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(Data include only personnel erreiployed by privately-owned companies active in
fuel element fabrication and reeovery actiwities who spend at least 50% of their /
working time in atomic energy oztivities.)
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FUET ELEMEN7 FABRICATION

(Cont'd)
Educational Backgrounds

% of Currently Employed
Scientists and Engineers

& RK:OVERY ACTIVITIES

Num--) of Currently
Emplcyed Scientists

.717-t_EL/B1Peers

Jnemistry 27.1% 247

Mechanical Engineering 133

Physics 80

Other Scientific Disciplines 4.6% 42

Nuclear Engineering 4.5% 41

Electrical/Electronics 2.5% 23

Engineering

Metallurgy 2.5% 23

Other Engineering Disciplines 1.5% 14

Metallurgical Engineering 1.0% 9

Civil Engineering 0.9% 7

Nuclear Chemistry 0.7% 6

TOTALS 100.0% 910

Of the currently employed nuclear degreed scientists and engineers, 50.0%

have BS! 16.7% have MS's; and 33.3% have PhD's. Of the other degreed (non-

nuclear) personnel currently employed in this segment,89.6% have BS: ; 7.7%

have- MS'S; and 2.77 have PhD`S.

The annual reqUirements_for,riuclear degreed scientists and engineers between

July 1969

Year

1969 (6 mo.)

1970

December 31,, 1973 to fill new ppsitions are:

ANNUAL INCREMENTAL REQUIREMENTSpOR NUCLEAR DEGREED:
PERSONNEL TO FILL NEW POSITIONS

Scientists

6

12

Engineers

8

15



FUEL ELEMENT FABRICATION
& RECOVERY ACTIVITIES

In addition to requirements for nuclear degreed scientists and engineers

to fill new positions, allowances for attrition must also be included to arrive

at this segment's total technical manpower requirements for nuclear degreed

personnel. (Allowances for attrition are the same as those used previously in

this report: 8.4% for scientists and

Nuclear Scientists

7.6% for engineers.)

Nuclear Engineers
TotalYear Growth

_
Replacement Total Growth Replacement_

1969 (6 mo.) 6 1 7 8 3 11

1970 12 2 14 15 5 20

1971 9 2 11 8 5 13

1972 10 3 13 9 6 15

1973 10 _4 14 9 7 16

TOTALS 47 12 597 49 26 75

Average Annual
Incremental
Requirements

(41/2 yrs.):10.4 2.7 13.1 10.89. ,5 16.7

Between July 1969 and December 31, 1973,a total of 134 nuclear degreed

personnel will be needed by privately ownedicompanies actiVe in the fuel element,

fabrication and recovery segment of the atomic energy field. This total require-

ment averageS Out tO aboUt 30 nUclearAegreed Scientists and engineers each year

to fill new and.replacementpOsitions.within these prganiZations .

SUMMATION OF IN-DEPTH INTERVIEWS

The interviewed companies' degreed (non-nuclear) scientists and engineers

work primarily in design and management activities, Other company activities

where their degreed personnel work are research and development, test and evalu-

ation,and standards and specifications.

Two-thirds of the interviewed companies have had-considerable difficulty

hiring degreed (non-nuclear) scientists and engineers. They attribute this
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difficulty to an insufficient supply of scientists and engineers. Another

problem these companies are experiencing is that most of the available scientists

and engineers have had very little, if any, educational or working experience in

nuclear technology.

The interviewed companies would like some of their degreed (non-nuclear)

employees to take coursework in nuclear science and engineering. They believe

that only those employees whose present job requires some knowledge of nuclear

technology should take these courses. Some of the nuclear related courses these

companies would like their degreed (non-nuclear) scientists and engineers to

take are:

1. Reactor materials

2. Radiation shielding

3. Reactor fuel technology

4. Radiochemistry

5. Fuel-cycle management

All interviewed companies believe the supply of degreed (non-nuclear)

scientists and engineers, will fall short of the demand by 1970 and 1973.

Whereas these companies evaluate a potential degreed (non-nuclear) individual

in terms cif.his experience:and education, when they hire a nuclear degreed mdi-

vidual, they look'Primarily at the oandidate's.experience. Generally speaking,

these companies do not stress, in their evaluation of a nuclear. degreed individual,

the extent of his education as they assume that the candidate has had advanced

nuclear courses and, therefore, has the required knowledge.

The majority of .their nuclear degreed perSonnel Work in the following

company activities:.

ContraCt administTation
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3. Design

4. Data collection, processing and analysis

5. Standards and specifications

6. Management

Each of the interviewed companies currently has a few unfilled positions for

nuclear degreed scientists and engineers. Historically, the companies have always

had this problem and expect it to continue in the seventies. They believe the

majority of degreed scientists and engineers are hired by national laboratories,

companies active in the design and engineering of nuclear facilities and companies

active in reactor and reactor component manufacturing. The interviewed companies

believe they would be able to attract more nuclear-degreed individuals to their

organizations if graduating students were made aware of the opportunities available

in the fuel fabrication and recovery industry.

The hiring patterns of the inte-Liiewed companies for nuclear degreed scien-

tists and engineers will remain about the same as in the past (i.e., nuclear

engineers and nuclear chemists). One of the companies indicated an interest in

hiring health physicists. The companies believe the training and education re-

ceived by nuclear engineers is very compatible with the j b responsibilities they

are assigned to in their organizations. One area where these companies find

nuclear degreed individuals especially competent in is "criticality evaluations."

However, the companies would like to see the universities place more emphasis on

fuel-cycle economics.

Experience is the primary criteria for evaluating potential technician

employees. Technicians, employed at these companies, work in research and

production activities and, to a lesser extent, in test and evaluation, and data

collection, processing and analysis activities. Nuclear materials managers work

in regulatory enforcement and licensing, technical assistance, and consulting
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and management activities.

The supply of qualified technicians throughout the 1970's will be so critical

that most of theae companies have begun training technicians themselves. Some of

the nuclear courses they offer in the training of ter...hnicians are:

1. Health physics

2. Radiochemistry

3. Radiation safety

4. Fuel-handling techniques

The most reliable extrinsic factor these companies use in measuring their

technical manpower needs is "increasing nuclear power plant generating capacitiee."

The most reliable intrinsic factor is "dollar value of backorders."

The majority of the interviewed companies felt there will be a slow but

gradual growth in the fuel fabricOion and recovery industry until the midseventies

when they expect a significant increase to occur.



REACTOR AND REACTOR COMPONENT DESIGN AND IlANUFACTURING

BLS Segment Definition -- The design and/or manufacture of nuclear reactors for

power, test, and research purposes, and for missiZe and

space applications, incZuding radioisotopic power.

Includes the assembly, testing and disassembly of

reactors and testing materials for reactor usage.

PRESENTATION OP STATISTICAL DATA

In 1968, tbe interviewed companies employed 79-1% of all engineers, 62.2%

of all scientists, and 73.57 Of all technicians working in this segment as re-

ported by the .131.,S. The historiCal data for scientists, engineers, and technicians

employed'in the reactor and-reactor component design and.manufacturing segment

are given below:.

Year

1963

1964

19E5

1966

1967

1968

Historical BLS Data (1963-1968)
Scientists Engineers Technicians Totals

1,090

989

1,036

766

978

1,033

4,478 2,682 8,250

4,794 3,210 8,993

4,651 3,162 8,849

3,744 2,359 6,869

6,523 2.603 8,104

5,353 3,022 9,408

'The data prOvided by the sample companies and extrapolated by the ANS to the

entire reactor arld reactor component design and manufacturing segment (privately

owned) fez' 1969, 1970, and 1973 are presented in Table 7. The overall growth in

technical:manpower requirements for this segment of the atomic energy field

1973 is 42..37w.

Percentae lnCreases:.berween july....1969 and December 31, 1973 for each Of the

tiared Occupatia1 cate&rieS are::



Table 7

REACTOR AND REACTOR COMPONENT DESIGN AND MANUFACTUR/NG
CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS

PROJECTIONS OF TECHNICAL MANPOWER REQWREMENTS FOR 1970 AND 1973.

(Data include only personnel employed by privately-owned companies active in reactor and reactor component design and manufactur-
ing who spend at least 50% of their working time in atomic energy activities.)

OCCUPATIONAL CATEGORIES
CURRENT

EMPLOYMENT 1970
INCREASE/
DECREASE 1973

INCREASE
DECREASE

PHYSICAL SCIENTISTS 1,165 1,292 +127 1,592 +300

LIFE SCIENTISTS 90 95 +5 122 +27

ENGINEERS 4,979 5,387 +408 6,814 +1,427

MATHEMATICIANS 149 171 +22 232 +61

DRAFTSMEN 1,227 1,382 +155 1,868 +486

ELECTRICAL & ELECTRONICS
TECHNICIANS 361 390 +29 557 +1 67

WHER ENGINEERING TECHNICIANS 887 1,016 +129 1,364 +348

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS 116 134 +18 159 +25

LIFE SCIENCE TECHNICIANS 7 16 27 +11

PHYSICM. SCIENCE TECHNICIANS 417 453 +36 669 +216

OTHER TECHNICIANS 354 390 +36 472 +82

NUCLEAR REACTOR OPERATORS 123 146 +23 175 +29

NUCLEAR MATERIALS MANAGERS 13 11 2 16

TOTALS 9,888 10,883 +995 14,067 +3,184
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% Increase Between July 1969

Occupational Categories and December 31, 1973

Life Science Technicians 285.7%

Physical Science Technicians 60.4%

Mathematicians 55.7%

Electrical/Electronics 54.3%

Technicians

Other Engineering
Technicians

Draftsmen

Nuclear Reactor Operators

Health Physids Technicians
& Radiation Monitor's:

Engineers 36.97

Phy0.dal Scientists 36.7%

LifeSeientistS 35.67

Other Technicians

Nuclear Materiala Managers 23.17'

TOTALS :42.37

53.8%

52.2%

42.3%

37.1%

Numerical Increase
Between July 1969
and December 31 1973

20

252

83

196

477

641

52

43

1,835

427

32

118:

3

4,179

Although the engineer category shows the largest numerical increaae, seven

of the first eight categories, ranked by percent increase between 1969 and 1973,

are occupied by technician-level personnel. This emphasis on technician-level

personnel reflects the transition of these companies from primarily research and

development operations to product design and manufacturing organizations.

Consolidating the above occupational categories into three broad categories

of scientists, engineers, and technicians, shows the following percent increases

between July 1969 and De ember 3 , 1973:
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Occupational Categories
% Increase Between July 1969

and December 31, 1973

Numerical Increase
Between July 1969
and December 31, 1973

Technicians (Includes 51.4% 1,802
Draftsmen, Nuclear Reactor
Operators, and Nuclear
Materials Managers)

Scientists (Includes 38.6% 542

Mathematicians)

Engineers 36.9% 1,835

Chart 8 represents the actual historical BLS technical manpower data (1963-

1968) for the non-government-owned companies active in reactor and reactor compon-

ent design and manufacturing activities, and ANS projections of this segment's

requirements for technical personnel through 1973.

Currently there are 446 nuclear, scientists and 530 nuclear engineers em-

ployed by the privately owned companies active in this segment of the atomic

energy field. Between 1969 and 1973, these companies expect to hire an additional

193 nuclear scientists and 228 nuclear engineers to fill new positions.

The percentage of currently employed scientists and engineers with a parti-

cular educational background to the total number of scientists and engineers

are as follows:

Number of Currently
% of Currently Employed Employed Scientists

Educational Backgrounds Scientists and Engineers and Engineers

Mechanical-Engineering

Nnclear .or Reactor Engineering

Electrical/Electronics
Engineering

38.1% 2,371

11,3% 711

10.87 673

Engineering 468

447Other Engineering

Physics-
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(Cont'd) % of Currently Employed

Educational Backgrounds Scientists and Engineers

Metallurgical Engineering

Chemistry

Nuclear Physics

Other Science Disciplines

Civil Engineering

Metallurgy

Health Physics

Other Nuclear Science and
Engineering Disciplines

5.2%

3.9%

2.5%

1.7%

1.6%

1.6%

0.8%

0.5%

Number of Currently
Employed Scientists

and Engineers

321

242

159

105

100

100

48

29

Nuclear Chemistry 0.4% 26

Geology and Geophysics 0.2% 16

High Energy Physics 0.1% 3

TOTALS 100.07. 6,234

Of the currently employed nuclear degreed scientists and engineers, 25.2%

have BS' ; 56.27 have MS's and,18.6% have PhD's. Of the other degreed (non-

nuclear) personnel currently employed in this segment of the atomic energy field,

66.3% have BS's; 26.9% have MS' ; and 6.8% have PhD's.

The annual requirements for nuclear degreed scientists and engineers between

July 1969 and December 31, 1973 to fill new positions are:

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DECREED
PERSONNEL TO FILL NEW POSITIONS

Year Scientists Engineers

1969 (6 mo.) 23 23

1970 46 46

41

97
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In addition to this segment's need for nuclear degreed scientists and engi-

neers to fill mew positions, allowances for attrition must also be included ta

arrive at the total technical manpowem requirements for nuclear degreed personnel.

(Allowances for attrition are the same as thase used previously in Tiiils reportt

8.4% for scieatists and 7.6% for engineers.)

Nuclear Scientists
Total

Nuclear Engineers
TotalYear Growth Replacem ent Growth Replacement

1969 (6 mo.) 211 37 60 23 40 63

1970 46 43 S9 46 46 92

1971 41 46 Sil 53 50 103

1972 41 50 91. 53 54 107

1973 42 54 96 53 58 111

TOTALS 193 230 423 228 248 476

Average Annual
Incremental
Requirements

(411yrd.')429 51a: 94 0 50 .7 .: ,55.1: 105.8 ,

Between July 1969:and.December 314 1971, a total of 899 nuclear degreed

personnel:1411 be needed bTall privately owned companies active in the reactor

and reactor compooent design and manufacturing segment.: This requirement

averages out to about209nuclear degreed scientists and engineers each year to

fill new and replacement positions within these organizations.
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SUMMATION OF IN-DEPTH INTERVIEWS

The primary employment qualification these companies consider whea hiring

degreed (non-unclear) scientists and engineers is experience. The'r also eval-

uate the candidate's "track record" and whether or not the individ=a1 has a keen

interest in the nuclear field. However, when these companies hire -cement college

graduates they put considerably more emphasis on th4 level of degrela earned plus

a subjective evaluation of the candidate's future potential.

The company activities I./here the degreed (non-nuclear) employees work are:

1. Design (17%)

2. Development (12%)

3. Test and evaluation (10%)

4. Production (13%)

5. Research (57)

6. Other activities (42%)

Half of the interviewed companies have had good success in hiring degreed

(non-nuclear) scientists and engineers during the past five years. These com-

panies attribute their success to: 1) the growth and niviness of the nuclear

field: 2) their company's geographical location; 3) the individual's growth

potential at their company; and, 4) the diversity of their company's operations.

The remaining 50% of the interviewed companies have had some difficulty in

filling their needs for degreed (non-nuclear) personnel. Two of the major

reasons given for this difficulty are: 1) the over-whelming demand, on a

national basis, for degreed personnel -- especially engineers; and 2) the

extremely high salary levels being demanded by potential employees.

As to whether or not these companies felt they would be able to fill their

requirements for degreed early

1970'

scientiats and*engineers in

the_MajOrity of the companies'indiCated that they were Cautiously
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optimistic They noted the apparent decrease in engineering enrollments and

expressed some concern over the effect of the military draft on students who

would =malty go on to graduate school. Generally speaking, these companies

believe the7 will be able to hire enough scientists and engineers to meet their

1970 and 1973 requirements, but they might have to pay more.

All.interviewed companies felt that they would like their degreed (non-

nuclear) scientists and engineers to have some coutsework in nuclear science

or engineering. Some of the nuclear courses they would like the universities

to make available to science and engineering (non-nuclear) students are:

1. Reactor fuel technology

2. Reactor materials

3. Reactor design

4. Nuclear metallurgy

5. ,A survey course in the fundamentals

of nuclear engineering

When hiring a scientist ot engineer with'a degree in nuclear science Or'

engineering, these 'companies use the same employment criteria as when they hire

scientists and engineers in general. However, two of the interviewed companies

pointed out that within their company there seems to be a trend for the super-

visory managers to srecify master's degreed nuclear engineers in their job

descriptions.

About 43% of the nuclear degreed personnel work in research activities,

20% in development, 9%,in test and evaluation, 9% in design, and 10% in regulatory

enforcement and licensing activities. The remaining portion of nuclear degreed

perSonnel Work in management and data collection, processing and analysis
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During the past five years, all interviewed companies have had relatively

1 success in filling their needs for nuclear degreed personnel. The most

TrTvalent reason given for their success in hiring nuclear degreed scientists

amt engineers was that these organizations are at the forefront of the nuclear

and, as a result, they attract people who want to be where the "action"

ta- Twenty-eight percent of the interviewed companies have filled their need

:.±.=-Lniuclear degreed individuals. These two companies are primarily research

42k-1teated organizations and, as a result, they believe their success is due to

,company's work environment (creativity and quality of the staff and highly

ammpetitive salaries). The remaining companies currently have some unfilled

posttions for nuclear degreed personnel. Some of the reasons given for those

open positions are: I) the somewhat limited supply of nuclear scientists and

engneers at certain levels of education; 2) the.company is undergoing a very

rapi&growth; and, 3) open positions (nuclear or non-nuclear) are a natural

comseqnence-of large organizations.

During the past five years, seventy percent of the interviewed companies

have increased their requirements for nuclear degreed scientists and engineers.

Tads increase is due to the companies' increased activity in the nuclear field

and the resulting technical sophistication this technology requires. Although

'requirements for nuclear degreed scientists and engineers have increased, the

companies 4re placing more of their nuclear degreed personnel in operational

activities such as reactor safety, licensing, fuel-cycle management, etc., rather

than in research, activities. Also, the companies have begun to de-emphasize the

employment of:PhD's while.placing emphasts on.the MS level.

When these companies were asked why they don't hire more nuclear degreed

scientists and'engineers their responses includedl. 1) there is'a great.deal,.

101



REACTOR & REACTOR COMPONENT
DESIGN & MANUFACTURING

of work which doesn't require the technical sophistication of a nuclear engineer;

2) the nuclear degreed individual, being so specialized, limits his overall

usefulness to the company (the technical specialization of the nuclear engineer

"pigeonholes" him within the company); 3) experience has shown that a degreed

(non-nuclear) individual with some nuclear training (in-house training or through

short courses at a university) can do as good a job as a nuclear degreed indi-

vidual; and, 4) only a small percentage of the work, although extremely important,

requires a nuclear degreed individual (i.e., core design, safety analysis,

shielding, etc.). It is interesting to note, however, that nuclear degreed

individuals are Usually placed in management positions. They are given these

managerial responsibilities not only to direct the work activities relating to

their technical specialization but also to provide, directly and indirectly,

nuclear training to their other degreed (non-nuclear) personnel.

In response to the question regarding their evaluation of the nuclear degreed

individual's educational training, the interviewed companies provided the-following

comments: 1) as is the case with other engineering and scientific disciplines,

these companies have special technological and operational needs that are not

being offered by the educational institutions; 2) the educational background of

the nuclear degreed individual is oriented to theoretical considerations; 3) like

most recent graduates, the nuclear degreed individual has little concept of what

the industrial environment is really like. In this regard, many recent MS's

and, in particular, PhD's believe their job will,be the same as a post-graduate

research project. When the young graduate fails to understand the real nature

of the industrial setting, disappointment and-dissatisfaction are the usual

consequences.-

'One of'ihe-wofe interesting poinis broughtout in the interviews was that

these companies will hire nuclear degreed scientists and engineers in the 1970's
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to assume job responsibilities associated with putting nuclear power plants into

operation. The nuclear courses these companies would like to see emphasized in

the training of nuclear engineers are: reactor fuel technology, reactor materials,

reactor design and analysis, and fuel-cycle management. They would also like the

universities to emphasize fuel-cyle analysis, control theory, and systems engi-

neering. They foresee a need for more people with radiochemistry backgrounds but

believe this training should come under the auspices of the chemistry departments.

What follows are a few more detailed evaluations of nuclear science and

engineering graduates as they relate ro the technical requirements of companies

active in the reactor and reactor component design and manufacturing segment.

"The nuclear engineer noticeably lacks a practical understanding of the

problems facing the nuclear field today." Specialization at the BS level results

in an engineer with "tunnel vision." For the thermohydraulic and mechanical

aspects of reactor engineering, a solid background in.one of the traditional

engineering disciplines topped off,with 4 year or so of formal work in nuclear

reactor theory or nuclear metallurgy seems best for their needs.. Although the

companies generally classify the BS nuclear engineer as too specialized -- too'

soon, they believe that as the nuclear industry grows more job opportunities

will begin to exist for people with a BS level nuclear engineering education.

Theseopportunities might be expected to occur most often in the operational

sector of the nuclear business such as AEC surveillance, utility shift supervision,

utility business management (ideally a,BS nuclear engineer with a MBA) and other

related operational activities,

One of the interviewedrcompanies was_extremely vocal.= the,question of

the relative merits of the BS nuclearengineer., This company favors the 5n7.
_ .

. .

sertion. of.apPropriate elementSpf,*cleartechnology into ,thoclassical
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engineering disciplines at the BS level but does not favor a special BS nuclear

engineering degree. They also feel that if the universities continue to stress

BS nuclear engineers, engineers from other disciplines might avoid the nuclear

field on the basis that their educational background would not be appropriate.

This company would like to see the classical engineering disciplines adjusted for

nuclear technology so that each BS engineering student would enter the field with

confidence and sufficient technical background to make a meaningful contribution.

Furthermore, this company believes that an over-emphasis on nuclear engineering

at the BS level would leave these individuals deficient in the elements of badic

engineering which are vital to their future success. For nuclear engineering

students at the.MS and PhD levels, there should be a greater emphasis placed on

such areas as heat transfer, reactor materials, reactor fuel technology, etc.

Some of the companies believe there are some very special needs arising from

the nuclear field that may require some special education and training. These needs

concern'the matter ofoperating nuclear-power plants. They see the emergence of

what might be termed a nuclear technologist or nucleak operations engineer.

Individuals are needed to supervise the technical elements of the operation of

nuclear power.plants. 'Areas.here are: teactor control, system6 dynathics, fuel

management', health physics, environmental effectsContamination and systems

safety.

The priMary employint qUalification for techniCian-level personnel is the

candidate's priot'work exPerience and the extent of hiatraining. Technicians

eMPloyed in this industty Work primaiily in test and eValuation aOttvities.(34%).

About 11% of their technicians work in developmental activitie6; 117 in installa-

tions, operations and maintenance activities; 9% in data collection, processing

and analysis; 9% in technical assistande and consulting; and, the reMainder in

research, design, construction, and production activities.
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The interviewed companies have had good success in hiring technicians during

the past five years. They attribute this success to their geographic location

where there is a high concentration of qualified technicians. Only one of the

interviewed companies expected a shortage of technicians in 1973 and, as a

result, they are establishing an in-house technician training program.

The nuclear related courses these companies would like their technicians to

have are: reactor instrumentation, radiological physics, radioisotope techniques,

radiation safety, fuel handling, and health physics. If technicians have not

had these courses, the companies provide the necessary training through "in-

house" programs, in association with a college or technical school, or in asso-

ciation with their vendors.

The employment qualifications these companies consider when hiring a nuclear

reactor operator and/or nuclear materials manager is a combination of experience

and training. The majority of their nuclear reactor operators work in installa-

tion, operations, and maintenance activities. The remaining nuclear reactor

operators are employed in production, development, test and evaluation, con-

struction, and regulatory enforcement and licensing activities. Nuclear materials

managers work limost exclusively in regulatory enforcement and licensing although

some also work in planning and management activities.

None of the interviewed companies have had any difficulty in hiring nuclear

reactor operators and nuclear materials managers. Furthermore, they do not anti-

cipate any difficulty in filling their needs in 1970 or 1973.

The nuclear related courses which are most apnlicable to these companies'

nuclear reactor operators are: reactor instrumentation: reactor engineering;

radiation safety; general instrumentation; and, fuel handling. Nuclear courses

that would benefit thekr nuclear materials managers are: waste disposal; reactor

fuel technology; reactor materials; nuclear metallurgy; nuclear chemistry; radio-

-85-

4.1
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isotope techniques; radiation safety; and, fuel handling.

The two most reliable intrinsic factors these companies use when forecasting

their technical manpower requirements are "sales forecasts of atomic energy

products, materials, and/or services," and "dollar value of backorders of atomic

energy products, materials and/or services." The three most reliable extrinsic

factors used by these companies in developing technical manpower requirements

are "increasing nuclear power plants generating capacities," "general economic

outlook," and "projections of government funds."

Forty percent of tha interviewed companies indicated that a 10% decrease in

government funds to their companies would not affect their technical manpower

estimates for 1970 or 1973. The remaining companies stated that a 10% decrease

in government funds would result in about a 2-5% reduction in their manpower

estimates. Generally speaking, substantial decreases in employMent would occur

only if government funds were to decrease by 20-30%. If government funds were to

decrease by this amount,'their manpower reductions would occur "across-the-board"

but perhaps leas so with nuclear degreed personnel.



DESIGN AND ENGINEERING OF NUCLEAR FACILITIES

BLS Segment Definition -- Design and engineering of at/ nucZear facilities ot-Ler

than reactors.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 61.0% of all engineers, 32.9% of

all scientists, and 50.6% of all technicians working in this segment as reported

by BLS. The historical data for scientists, engineers, and technicians employed

in the design and engineering of nuclear facilities segment (non-government-owned)

are given below:

Year Scientists

Historical BLS Data (1963-1968)
TotalsEngineers Technicians

1963 80 1,027 634 1,741

1964 57 1,045 924 2,038

1965 60 1,139 848 2,047

1966 87 1,521 864 2,472

1967 311 2,222 1,329 3,662

1968 85 2,479 1,901 4,465

Data provided by the sample companies and extrapolated by .the ANS to the

entire design and engineering of nuclear facilities segment (privately owned) for

1969, 1970 and 1973 are presented in Table 8. The overall growth in technical

manpower requirements for this segment of the atomic energy field between July

1969 an8 December 31, 1973 is 48.2%.

The percent increases between July 1969 and December 31, 1973 for each of

the listed %,,ccupational categories are:

% Increase Between July 1969

Occupational Categories and December 31,_1973

Health Physics Technicians
and Radiation Monitors

Nuclear Materials Managers

167.5%

162.5%

-87-

o

Numerical Increase
Between July 1969
and December 31, 1973

134

39



Table 8
DESIGN AND ENGINEERING OF NUCLEAR FACILITIES

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS Or TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

(Data include only personnel ernployed by privcrtely-own-id companies active in design and engineering of nuclear facilities who spend
at least 50% of their working time iti atomic energy activities.)

OCCUPATIONAL CATEGORIES
CURRENT

EMPLOYMEN 1c78
INCREASE/
DECREASE 1973

INCREASE/
DECREASE

PHYSICAL SCIENTISTS 228 28 +10 274 +36

LIFE SCIENTISTS 24 25 +1 33 +8

ENGINEERS 1,685 2,018 +333 2,374 +356

MATHEMATICIANS 96 107 +11 123 +16

DRAFTSMEN 1,458 1,762 +304 2,513 +751

ELECTRICAL & ELECTRONICS
TECHNICIANS 57 42 -15 47 +5

OTHER ENGINEERING TECHNICIANS 322 194 -146 287 +93

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS 80 149 +69 214 +65

OTHER TECHNICIANS 86 80 -6 88 +8

NUCLEAR REACTOR OPERATORS +2

NUCLEAR ,:!ATERIALS MANAGERS 24 42 +18 63 +21

TOTALS 4,064 4,663 . +599 6,024 +1,361



(cont'd)

DESIGN AND ENGINEERING OF NUCLEAR FACILITIES

% Increase Between July 1969

Occupational Categories and December 31, 1973

Nuclear Reactor Operators 100.0%

Draftsmen 72.4%

Engineers 40.9%

Life Scientists 37.5% 9

Mathematicians 28.1% 27

Physical Scientists 20.2% 46

Other Technicians 2.3% 2

Other Engineering Technicians -10.9% -35

Electrical/Electronics -17.5% -10

Technicians

TOTALS 48.2% 1,960

Numerical Increase
Between July 1969
and December 31, 1973

4

1,055

689

Together, the occupational categories of engineers and draften represent

nearly 89.0% of the estimated technical manpower this segment will hire to fill

new positions between 1969 and 1973. The large increase, percentagewise, in

the:health physics technicians category reflects the requirements of only fifteen

percent of the seven interviewed companies.

Consolidating the above occupational categories into three broad categories

of scientists, engineers, and technicians, shows the following percent increases

between 1969 and 1973:

Occupational CateRories

Numerical Increase
% Increase Between July 1969 Between July 1969

and December 31 1973 and December 31, 1973

Technicians (Includes 58.5% 1,189

Draftsmen, Nuclear Reactor
Operators and NurAear
Materials Managers)

Engineers 40.9% 689

Scientists (Includes 23.6% 82

Mathematicians)
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DESIGN AND ENGINEERING OF NUCLEAR FACILITIES

Approximately 88.72 of this segment's requirement for technicians will be for

draftsmen. This is probably due to the fact that these organizations have had

enough experience in nuclear facilities design and engineering and, therefore,

for subsequent design standardization, draftsmen will be taking over a greater

portion of the work.

Chart 9 represents the actual historical BLS technical manpower data (1963-

1968) for the entire non-government-owned companies active in design and engineer-

ing of nuclear facilities segment and ANS projections of this segment's require-

ments for technical personnel through 1973. The large drop in the engineer

category between 1968 and 1969 may be due to the problem of identifying, at any

point in time, the number of technical people who spend at least 50% of their

working time in atomic energy activities in that these organizations assign their

personnel to a number of projects throughout the year of which nuclear projects are

just a few. The result is that the companies in this segment of the atomic energy

field probably have difficulty identifying members of their staff who spend at

least 50% of their time on nuclear related projects.

Currently, there are 30 nuclear scientists and 118 nuclear or reactor engi-

neers employed by fhe privately owned companies active in this segment of the

atomic energy field. Between 1969 and 1970, these companies expect to hire an

additional 36 nuclear scientists and 98 nuclear or_reactor engineers to fill new

positions.

The percentage of currently employed scientists and engineers with a

particular educational background to the total number of scientists and engineers

are as follows:

Number of Currently
% of Currently Employed Employed Scientists

Educational Backgrounds Scientists and Engineers and Engineers

Mechanical Engineering 36.4%

-90-
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Chart 9
EMPLOYMENT oF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE PESIGN AND ENGINEERING

OF NUCLEAR FACILITIES SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGy FIELD FoR EACH YEAR
EXTENDING FROM 1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS

OF THE TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973.
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(Data include only personnel employed by privately-owned companies active in
design end engineering of nuclear facilitiesrwho spend at least 50% of their
working time in atomic energy activities.)
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DESIGN AND ENGINEERING OF NUCLEAR FACILITIES

(Cont'd)
Educational BackarRupds,

% of Currently Employed
Scientists and Engineers

Number of Currently
Employed Scientists

and Engineers

Civil Engineering 16.7% 324

Electrical/Electronics 15.0% 292

Engineering

Other Engineering Disciplines 9.1% 175

Chemical Engineering 7.3% 141

Nuclear or Reactor Engineering 6.4% 128

Physics 3.4% 66

Metallurgical Engineering 1.5% 29

Chemistry 1.3% 25

Nuclear Physics 0.7% 14

Other Science Disciplines 0.7% 14

Geology and Geophysics 0.5% 11

Metallurgy 0.4% 7

Nuclear Chemistry 0.3% 4

Health Physics 0.3% 2

TOTALS 1000% 1,937

Of the currer:-4 employed nuclear degreed scientists and engineers, 37.3%

have BS's; 49.4% have MS's; and, 13.2% have PhD's. Of the other degreed (non-

nuclear) personnel currently employed in this segment of the atomic energy field,

75.1% have BS's; 21.1% have MS's; and, 3.8% have PhD' .

The annual req..-rements for nuclear degreed scientists and engineers between

July 1969 and December 31, 1973 to fill new positions are:

-92-
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Year

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREAD
PERSONNEL TO FILL NEW POSITIONS

Scientists Engineers

1969 (6 mo.) 6 15

1970 13 29

1971 5 18

1972 6 18

1973 6 18

In addition to this segmenz's need for nuclear degreed scientists and

engineers to fill new positions, allowances for attrition must also be Included

to arrive at the segment's total technical manpower requirements of nuclear

degreed personnel. (Allowances for attrition are the same as those used pre-

viously in this report: 8.4% for scientists and 7.6% for engineers.)

Nuclear Scientists Nuclear Engineers
TotalYear Growth Replacement Total Growth Replacement.

1969 (6 mo.) 6 3 A 15 9 24

1970 13 4 17 29 12 41

1971 5 4 9 18 13 31

1972 6 5 11 18 14 32

1973 6 6 12 18 16 34

TOTALS 36 22 58 98 64 162

Average Annual
Incremental
Requirements
(41/2 yrs.) 8.0 4.9 12.9 21.8 14.2 36.0

Between July 1969 and December 31, 1973, 220 nuclear degreed personnel will

be needed by all privately owned companies active in the design and engineering of

nuclear facilities segment. This requirement averages out to about 49 nuclear

degreed scientists and engineers each year to fill new and replacement positions

within these organizations.
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SUMMATION OF IN-DEPTH INTERVIEWS

When evaluating potential employees, these companies do not consider the

candidate's earned level of degree z.s. being more important than his demonstrated

ability. Level of degree is considered only as a measure of the candidate's

extent of education. In the case of the recent graduate, level of degree plays

a more important role but these companies still place considerable emphasis on the

candidate's potential usefulness to the company.

Specifically, these organizations look for the experienced man--experienced

in the technology in which the company needs additional support. What the

potential employee's qualifications should be are determined by the "job de-

scription" prepared by the requisitioning supervisor who stipulates the re-

quired training, experieuce, and education.

Degreed (non-nuclear) personnel work primarily in design activities al-

though some also work in development, standards and specifications, and manage-

ment activities.

The majority of the interviewed companies have had little, if any, difficulty

in filling their need for degreed (non-nuclear) personnel during the past five

years. They attribute their success not only to the traditional considerations

of company benefits, nature of the work, etc., but also to the fact,that their

company is located in an ideal geographical area of the country.

The remaining companies have experienced considerable difficulty attracting

degreed individuals to adequately fill their requirements. Specifically, these

organizations have not been able to hire enough project engineers in mechanical,

electrical, or civil engineering.

With regard to the future supply of degreed (non-nuclear) individuals, most

of the interviewed companies anticipate no trouble in meeting their technical

manpower requirements while a few of the remaining companies do foresee a
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conanuing recruitment problem. They see this difficulty arising from the in-

creasing number of technological industries and their subsequent technical manpower

demands coupled with apparent reductions in engineering enrollments.

The overwhelming opinion of the interviewed companies was that nuclear-

related survey courses should be incorporated in the undergraduate classical

engineering curriculums. Generally speaking, these organizations prefer the engi-

neer who has been trained in a classical engineering discipline and who has had

one or two courses in nuclear technology. This type of individual is more

valuable because his training is broad enough to allaw him flexibility in assum-

ing various company assignments.

Some of the nuclear courses these companies would like their degreed

(non-nuclear) employees to take are waste disposal, radiation shielding, reactor

engineering, reactor analysis, fuel-cycle-management, and radiation shielding.

They would also like the universities to establish more courses in licensing

and computer science and data analysis. Courses in business economics would

also be beneficial.

The companies use the same approach when hiring a nuclear degreed scien-

tist or engineer as they do when they hire a scientist or engineer iu general.

The reason why these organizations have hired and are continuing to hire nuclear

degreed scientists and engineers is because the companies need expertise in an

area of technology which is not cu :ently available from the present staff.

In addition to hiring a nuclear degreed individual to ensure the companies'

nuclear capabilities, the nuclear degreed individual is also expected to provide

nuclear training for the rest of the technical staff. It must be realized that

the nuclear degreed person is hired to fill a technological void existing within

the company -- when specialized knowledge is needed, they hire a specialist!

However, the work performed by the nuclear degreed individual amounts to less
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than 5% of the total project's design and engineering requirements and, as the

rest of the staff gains competency in nuclear technology, there is little need

to hire more nuclear degreed individuals. The specific tasks the i iar engineer

is responsible for are; safety analysis, reacta: shielding, licensing, fuel-cycle

management, and radiation safety considerations. The reason why these companies

do not hire more nuclear degreed scientists and engineers is that they (the

companies) have been successful in applying the traditional engineering disci-

plines to nuclear applications.

Generally speaking, the companies believe the nuclear degreed individual

to be very competent in his field of endeavor. However, it is also this spe-

cialization that the companies criticize. Because the nuclear degreed individual

is so specialized, his flexibility within the organization is somewhat limited

unless he has managerial potential. For these companies, the really useful man

is the one who has a broad background in applied engineering. Such an individual

is rarely "pigeon-holed" within the organization.

All interviewed campanies have increased their requir.lments for nuclear

degreed personnel during the past five years and foresee a continuing increase

in their requirements through i973. This increase, although small in comparison

to their overall manpower requirements, is due to their awareness of the expertise

a nuclear degreed scientist or engineer brings to the job.

Technicians are hired without too much concern with their education and

training, as these organizations are willing to provide "in-house" training

programs. Obviously, the companies would like to hire qualified professional

technicians but, because of the acute shortage of these individuals, the com-

panies are beginning to hire a greater nuaber of untrained individuals and training

them themselves. Because of the extreme shortage of professional technicians,

technicians are more mobile because companies in all technological industries

are willing to pay a premium for their services. It is also interesting to note
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how highly these organizations value Navy trained technicians.

Technicians employed by these companies work almost exclusively in design

activities. For their professional technicians, the companies would like them

to have some coursework in waste disposal, radiation Sheilding, reactor instru-

mentation, and radiation shielding.

The primary extrinsic factors these companies consider when forecasting their

technical manpower requirements are "nuclear power plant generating capacities,"

"possible new applications of atomic energy," and "projections of government

funds."

Intrinsic factors considered most reliable are "entries into new markets"

and "anticipated expansion of plant facilities and/or new acquisitions." One

company, essentially a research and development organization, selected "pro-.

jections of government funds to their company." This same company indicated

that tbeix wanpower projections would be adversely affected by a 10% decrease

in government funds. Such a decrease, they believe, would result in about a

2-3% reduction in their estimates for nuclear degreed individuals and a 9-10%

decrease in their estimates for other degreed personnel.

-9T-
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RADIOACTIVE WASTE DISPOSAL

BLS Segment Definition -- The packaging and d-;:sposal of radioactive waste materials,

including both byproauct and .-:.ource material wastes.

Includes associated research and development activities.

PRESENTATION OF STATISTICAL DATA

In 1968, the sample represented 22.2% of all scientists, engineers and

technicians working in this segment as reported by the BLS. The historical BLS

data for scientists, engineers, and technicians working in the radioactive waste

disposal segment are given below:

Year Scientists
Historical BLS Data (1963-1968)

TotalsEngineers Technicians

1963 2 22 51 75

1964 3 5 22 30

1965 7 5 24 36

1966 0 4 29 33

1967 6 1 6 13

1968 5 4 18 27

The sample data was extrapolated by the ANS to the entire radioactive waste

disposal segment for 1969, 1970, and 1973. The results are presented in Table 9.

The overall growth of technical manpower requirements for companies in this seg-

ment of the atomic energy field betvflen July 1969 and December 31, 1973 is 86.2%.

The percent increases between 1969 and 1973 for each of the listed occu-

pational categories are:

Occupational Categories

Engineers

Other Technicians

Health Physics Technicians
and Radiation Monitors

% Increase Between July 1969
and December 31 1973

105.3%

86.2%

76.9%

Numerical Increase
Between July 1969
and December 31, 1973

20

50

30



Table 9
RADIOACTIVE WASTE DISPOSAL

CUisRENT (1969) EMPLOYMENT OF SCIENTiS1S, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS

PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

(Data include only personnel employed by privately-owned companies active in radioactive waste disposal who spend at least 50% of

their working time in atomic energy activities.)

OCCUPATIONAL CATEGORIES
CURRENT

EMPLOYMENT
1970

INCREASE/
DECREASE

1973
INCREASE
DECREASE

ENGINEERS
(16.7)
19

(17.5)
27

+8
(17.9)
39

+12

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS

(33.3)
39

(32.5)
50

+11
(32.1)
69

+19

OTHER TECHNICIANS
(50.0)
58

(50.0)
77

+19
J:50.0)
108

+31

TOTALS
(100.0)

116
(100.0)
154 +38

(100.0)
216 +62
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Chart 10
EMPLOYMENT OF SCIENTISTS,' ENGINEERS AND TECHNICIANS By COMPANIES ACTIVE IN THE RADIOACTIVE WASTE
DISPOSAL SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR EXTENDING FROM

1963 THROUGH 1968 (AS :ZEPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF THE
TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973.
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(Doto include only personnel employed by privotely-owned companies octive in
rodioactive woste disposal who spend at least SO% of their working time in atomic
energy activities.)

KEY:

1963 -1968 Actual Data Reported by BLS
--- 1969-1973 ANS Projected Data
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RADIOACTIVE WASTE DISPOSAL

.Technicians make up not only the majority of the currently employed personnel

but also the projected technical manpower requirements. The large increase

percentagewise in the engineer category is probably related to a desire by these

companies to establish more service centers and burial sites throughout the U.S.

Chart 10 represents the actual historical BLS technical manpower data (1963-

1968) for the now.-government-owned companies active in the radioactive waste dis-

posal segment, and ANS projections of this industry's requirements for technical

personnel through 1973.

Nuclear degreed scientists or engineers have not been employed in this seg-

ment of the atomic energy field nor do they expect to hire any in the future.

The percentage of currently employed engineers with a particular educational

background to the total number of engineers are as follows:

Educational Backgrounds
% of Currently Employed

Engineers
Number of Currently
Employed_Ermineers

Chemical Engineering 52.4% 11

Chemistry 21.1% 4

Mechanical Engineering 21.1% 4

TOTALS 100.0% 21

Of the currently employed degreed (non-nuclear) engineers, 78.9% have

BS's and 21.1% have PhD'n,

SUMMATION OF IN-DEPTH INTERVIEWS

When hiring degreed personnel, eLperience is considered as the primary

employment qualkacation. This is also true when hiring technician-level per-

sonnel. The radioactive waste disposal industry is ,xtremely small and, as a

result, it does not have the capability to provide either extensive or formali%ed

training programs for the untrained individual.
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Engineers are employed primarily to work in activities associated with

installations, operations, and maintenance and management. Technicians, on the

other hand, work exclusively in installations, operations, and maintenance

activities.

There has been good to excellent success in hiring enough engineers to fill

their manpower requirements 4uring the past five years. Furthermore, they do not

foresee any difficulty in attracting enough engineers in 1970 or 1973. With re-

gard to the hiring of technicians, there has bl,len only fair to good success.

The technical requirements of this segment of the atomic energy field are

such that they do not need the technical sophistication of a nuclear degreed

scientist or engineer. However, they would prefer their engineers to have some

nuclear training in the areas of radiation shielding, radioisotope techniques,

health physics, radiation safety, and instrumentation, Some training or course-

work in health physics, radiation safety, and instruNlentation is recommended for

technicians employed in this segment of the atomic energy field.

In forecasting maapower requirements, Imphasis is placed on the "estimated

nuclear power plant generating capacities.'

-102-

1212



NUCLEAR INSTRUMENT MANUFACTURING

BLS Segment Definition -- Reporting units engaged in manufacturing instruments

primarily for the atomic energr field, suc,h as

accessory instrumentation for reactor controls,

radiation detection instraments and hot laboratory

equipment, including manipulators.

rRESENTATION OF STATISTICAL DATA

In 1968, the interviawed companies employed 35.8% of all engineers, 51.6%

of all scientists, and 31.1% of all technicians working in this segment as re-

ported by BLS. The historical data for scientists, engineers, and technicians

employed in the nuclear instrument manufactv71ng segment (non-government-owned)

are given below:

YRar Scientists
Historical BLS Data (1963-1968)

TotalsEngineers Technicians

1963 219 806 - 1,004 2,029

1964 236 902 1,296 2,434

1965 279 826 1,166 2,271

1966 320 662 1,350 2,332

1P67 233 813 1,437 2,483

1968 186 670 1,199 2,055

Data provided .by the sample companies and extrapolated by the ANS to the

entire nuclear instrument manufacturing segment (privately owned) for 1969, 1970,

and 1973 are presented in Table 10. The overall growth in technical manpower

requirements for this segment of the atomic energy field between July, 1969 and

December 31, 1973 is 40.2%.

The percent increases between July 1969 and December 31, 1973 for each of

the listed occupational zategories are:



Table 10
NUCLEAR 1NSTRUMEKT MANUFACTURING

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS EY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1972.

(Doto include only pJrsonnel employed by privotely-owned companies octive in nuclear instrument manufacturing who spend ct least
50% of their working time in atomic energy act:vities.)

OCCUPATIONAL CATEGORIES
CURR ENT

EMPLOYMENT 1970
INCR EASE/
DECREASE

1973
INCREASE/
DECR EASE

PHYSICAL SCIENTISTS 180 198 +18 248 +5'.?

LIFE SCIENTISTS 31 37 +6 54 +17

ENCJINEERS 681 ',, +50 913 +182

MATHEMATICIANS 12 19 +7 25 +6

DRAFTSMEN 120 126 +6 183 -1-57

ELECTRICAL & ELECTRONICS
TECHNICIANS 795 875 +80 1,135 +260

OTHER ENGINEERING T ECHNICIANS 53 66 +13 106 +40

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS

13 12 1 22 +10

LIFE SCIENCE TECHNICIANS 14 13 -1 76 +13

PHYSICAL SCIENCE TECHNICIANS Iac 173 -12 221 +48

OTHER TECHNICIANS 105 106 +1 135 +29

TOTALS 2,169 2,356 +167 3,068 +712
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Numerical Increase
% Incre7se Between July 1969 Between July 1969

_Occupational Cate Dries and December 31, 1973 and December 31, 1973

Mathematicians 108.3% 13

Other Engineering 100.0% 53

Technicians

Life Science 85.7% 12

Techninians

Life Scientists 74.2% 23

Health Physics Technicians 69.2% 9

& Radiatiou Monitors

Draftamen 52.5% 63

Electrical/Electronics 42.8% 340

Technicians

Physical Scientists 37.8% 68

Engineers 34.1% 232

Other Technicians 28.6% 30

Physical Science 19.5% 36

Technicians

TOTALS 40.2% 879

Consolidating the above occupational categories into three hr,--.1d categories

of scientists, engineers and technicians, shows the following p-L-cent increases

between July 1969 and December 31, 197;

Occu ational Cate cries

Scientists (Includes
Mathematicians)

Technicians (Includes
Draftsmen)

Engineers

Numerical Increase
% Increase Betwr,m July 1969 Between July 1969

and December 31 1973 and December 3l, 1973

46.6% 104

42.3% 543

34.1% 232

The scientist category shows the largest perceat increase reflecting, perhaps,

this segment's entry or greater involvement in the reactor area monitoring
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instrumentation and nuclear medicine instrumentation. It is also evident that as

their products become commercially available, a greater number of technician-

level personnel will be needed for functions such as quality control, installation,

maintenance, etc.

Chart 11 represents the actual historical BLS technical manpower data (1963-

1968) for the non-government-owned companies active in nuclear instrument manu-

facturing activities and ANS projections of the industry's requirements for

technical manpower through 1973. Only the technician category shows any significant

change between the historical and projected data. Both the engineer and scientist

categories rnmain essentially the same between 1963 and 1973.

Currently, there are 29 nuclear scientists and 6 nuclear engineers employed

by the privately owned companies active in this segment of the atomic energy field.

These companies, however, expezt to hire an additional 27 nuclear scientists to fill

new positions between 1969 and 1973. None of the companies are planning to hire

additional nuclear engineers during this same time period.

Percentages of currently employed scientists and engineers with a particular

educational background to the total number of scientists and engineers are as

follows:

Educational Backgrounds
% of Currently Employed
Scientists and Engineers

Number of Currently
Employed Scientists

and Engineers

Electrical/Electronics 52.0% 467

Engineering

Chemistry 13.0% 117

Mechanical Engineering 10.1% 91

Physics 8.7% 78

Chemical Engineering 4.0% 36

Other Science Disciplines 2.9% 26



Chart 11
EMPLOYMENT oF SCIENTISTS, ENGINEERS AND TECHNIC,ANS BY COMPANIES ACTIVE IN THE NUCLEAR INSTRUMENT
MANUFACTURING SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR EXTENDING

FROM 1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF
THE TECHNICAL MANPOWER REQUIREMENTS FOR 1967, 1970 AND 1973.

5,000

4,500

4,000

3,500

3,000

(Data include only personnel employed by privately-owned companies active in
nuclear instrument manufacturing who spend at least 50% of their working time
in atomic energy activities.1
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(Cont'd)
Occupational Categories

% of Currently Employed
Scientists and Engineers

Number of Currently
Employed Scientists

and Engineers

Nuclear Physics 2.4% 20

Biology 2.4% 21

Other Engineering Discinlines 2.4% 21

Health Physics 1.2% 8

Nuclear Chemistry 0.9% 7

TOTALS 100.0% 892

02 the currently employed nuclear degreed scientists and engineers, 18.8%

have BS'n; 62.5% have MS's; and 18.7% have PhD's. Of the other degreed (non-

nuclear) personnel currently employed in this segment of the atomic eneLgy field,

81.5% have BS's; 15.0% have MS's; and 3.5% have PhD's.

Annual requiremants for nuclear degreed scientists and engineers between

July 1969 and December 31, 1973 to fill new positions are:

Year

1969 (6 mo.)

1970

1971

1972

1973

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DECREED
PERSONNEL TO FILL NEW POSITIONS

Scientists

4

8

5

Engineers

0

0

0

0

In addition to this segment's need for nuclear degreed scientists to fill

new positions, allowances for attrition must also be included to arrive at the

total technical manpower requirements of privately owned companies active in the

nuclear instrument manufacturing activities for nuclear degreed personnel. (Allow-

ances for attrition are the c:ame as those used previously in this report: 8.4%

for scientists and 1.6Z for engineers.)



Year
Nuclear Scientists

Totals

NUCLEAR INSTRUMENT MANUFACTURING

Nuclear Engineers
TotalsGrowth Replacement Growth Replacement

1969 (6 mo.) 4 2 6 0 1 1

1970 8 3 11 0 1 _ 1

1971 5 3 8 0 1 .1

1972 5 4 9 0 1 1

1973 5 5 10 0 1 1

TOTALS 27 17 44 0 5 5

Average Annual
Incremental
Requirements
(411 yrs.) 6.0 3.8 9.8 0.0 1.1 1.1

Between July 1969 and December 31, 1973 a total of 49 nuclear degreed person-

nel will be needed by all privately owned companies active in the nuclear instru-

ment manufacturing segment. This total requirement averages out to about 11

nuclear degreed scientists and engtneers each year to fill new and replacement

positions within these organizations.

SUMMATION OF IN-DEPTH INTERVIEWS.

These companies evaluate degreed (non-nuclear) scientists in relation to

the candidate's education and experience. However, the primary employment

qualification for degreed (non-nutlear) engineers is the extent of the candidate's

experience in the electronics field. The interviewed companies prefer to hire

engineers whO'can design and develop products. Their priMary interest, therefore,

is in the applications oriented Individual. Level of degree is evaluated only as

a means of identifying what the individual is capable of doing. These coMpanies

hire very few recent graduates.

Degreed (non-nuclear) scientists and engineers'-work primarily in company

activities associated With technical assistance and conaalting (49%). Their

remaining degreed emploYees work in design and development (12%); test and evalua-

tion (97), research (7%), management (62%), and production (5%) activities.
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The interviewed companies have had only fair to good success in filling

their needs for qualified degreed (non-nuclear) scientists and engineers. What

difficulty they have is attributed to the extremely high salary scales these

people are demanding. Probably the only effective selling point these organiza-

tions have is the excellent growth potential the scientist or engineer has with

small but growing companies.

In the near future, these companies foresee even greater difficulty in fill-

ing their requirements for degrced (non-nuclear) personnel. Two of the major

reasons given for this anticipated technical manpower shortage are: 1) the

reduction in student enrollments in engineering and the concurrent effect of

the draft on graduate enrollments, and 2) because of the National Science Founda-

tion's and othei government agencies' funding cutbacks, many professors have left,

or will probably leave the universities for employment elsewhere, thus affecting

the quality of future graduates.

By the early 1970's, these organizations will be hiring a greater number

of environmental scientists such as biochemists, biologists, etc. They also

expect to hire more engineering specialists -- especially mechanical engineers --

for design and development activities.

The majority of the companies would like their degreed (non-nuclear)

scientists and engineers tO have some coursework in nucleak science and engineer-

ing. This added knowledge can but only add to, the okganizationFs.overall compe-

tency, and competitiveness in theauclear instrumentation field.. Some of the

nuclear related courses which would be,mtat applitable to the technical environ-

ments of these companies are; radiochemistry; instruthentation, radioisotope

techniques, nuclear chemistry, health physics, and nuclear physics.

The majority of the interviewed companies haye hired nuclear degreed

scientists and engineers while the remaining companies have not. For those
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companies that have not hired nuclear degreed people, the reasons given were;

1) the company's current product-line does not require the sophisticated knowl-

edge of nuclear technology; 2) they (the companies) consider themselves to be

electronics organizations and, the fact that they sell to the nuclear field,

is incidental; and, 3) the companies have been successful with a staff composed

primarily of electrical/electronics engineers and mechanical engineers and they

see no reason for changing. For those companies which have hired nuclear degreed

individuals, the reason they do so is because of the contacts the nuclear degreed

individual has within the nuclear field and for research conceptualization

purposes.

Nuclear degreed personnel work primarily in research, development, test

and evaluation, design, and management activities.

These companies have not employed many nuclear degreed scientists and

engineers and, therefore, have not had too much difficulty in filling their

requirements for these types during the past five years. They do not foresee

any difficulty in the near future in attracting nuclear degreed scientists and

engineers, although a few of the companies are planning to hire more nuclear

degreed individuals. This increased need for nuclear degreed personnel is due

to the companies' anticipated involvement in nuclear physics research.

In evaluating the educational training received by nuclear degreed scientists

and engineers, these organizations stated that the educational backgrounds of

nuclear degreed individuals places too much emphasis on experimental considera-

tions and not enough on what and how things woric. They also believe that graduate

students should receive more coursework in the environmental sciences.

Regarding the employment of technician-level personnel, these organizations

prefer graduates of electronics schools or individuals who have been trained at

another electronics company. Technicians need more than just a high school

diploma to qualify for employment in this industry.
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Most technicians (50%) work in activities associated with installations,

operations, and maintenance. Another third of the technicians work in test and

evaluation activities. The rest of the technicians work in production, research

and development, and data collection, processing, and analysis activities.

All of the interviewed companies have had difficulty hiring qualified tech-

ricians during the past five years. In this industry, there is about a 6-8% annual

turnover of technician-level personnel. However, they (the companies) are cau-

tiously optimistic regarding the future supply of technicians. If the future

supply of technicians should fall short of the demand, these organizations are

prepared to expand their "in-house" training programs.

Some of the nuclear science and engineering courses these companies would

like their professional technicians to take are; radioisotope techniques, nuclear

chemistry, health physics, and nuclear physics.

The three most reliable extrinsic factors these companies consider when

projecting their future technical manpower requirements are: the "general

economic outlook," "projections of overall gove-rment funds," and "possible new

applications of atomic energy." The most relir a intrinsic factors are: "sales

forecaSts," "entries into new markets," "dolls value of shipments'," and "pro-

jections of government funds to their company..

Although these organizations are somewhat dependent upon government funds,

none of them felt that a 10% cuback in government funds to their company would

significantly affect their manpower projections for 1970 and 1973. Generally

speaking, these companies have expanded their markets to reduce ,their historical

dependency on government funds.



PROCESSING AND PACKAGING RADIOISOTOPES

BLS Segment Definition -- Reporting units primarily engaged in these activities,

and in the development and manufacture of shipping

containers for isotopes.

PRESENTATION OF STATISTICAL DATA

In 1968; the interviewed companies employed 9.1% of all engineers, 63.4%

of all scientists, and 47.0% of all technicians working in this segment as re-

ported by BLS. The historical data for scientists, engineers, and technicians

employed in the processing and peckeging radioisotopes segment (non-government-

owned) are given below:

Year Scientists
Historical BLS Data (1963-1968)

TotalsEngineers Technicians

1963 102 25 102 229

1964 118 22 142 282

1965 130 30 186 346

1966 175 28 216 419

1967 228 39 282 549

1968 205 22 251 478

Data provided by the sample companies and extrapolated by the ANS to the

entire processing and packaging radioisotopes industry (privately owned) for

1969, 1970, and 1973 are presented in Table 11. The overall growth in technical

manpower requirements for this segment of the atomic energy field between July

1969 and December 31, 1973 is 110.5%.

Percentage increases between July 1969 and December 31, 1973 for each of

the listed occupational categories are:



Table 11
'PROCESSING AND PACKAGING RADIOISOTOPES

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS

PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

(Data include only personnel employed by privately-owned'companies active in processing and packaging radioisotopes who spend at

least 50% of their working time in atomic energy activities.)

OCCUPATIONAL CATEGORIES
CURRENT

EMPLOYMENT
1970

INCREASE/
DECREASE

1973
INCREASE/
DECREASE

PHYSICAL SCIENTISTS 132 185 +53 239 +54

LIFE SCIENTISTS 117 171 +54 220 +49

ENGINEERS 22 44 +22 81 +37

DRAFTSMEN
3 +3

ELECTRICAL & ELECTRONICS
TECHNICIANS

2 4 +2 11 +7

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS

25 34 +9 49 +15

LIFE SCIENCE TECHNICIANS 49 72 +23 101 +29

PHYSICAL SCIENCE TECHNICIANS 148 210 +62 338 +128

NUCLEAR MATERIALS MANAGERS _ _ _ _

TOTALS 495 720 +225 1,042 +322

4



Occupational Categories

PROCESSING AND PACKAGING RADIOISOTOPES

Numerical Increase
% Increase Between July 1969 Between July 1969

and December 31, 1973 atA).2es_973
Electrical/Electronics 450.0% 9

Technicians

Engineers 268.2% 59

Physical Science 128.4% 190
Technicians

Life Science Technicians 106.1% 52

Health Physics Technicians 96.0% 24
& Radiation Monitors

Life Scientists 88.0% 103

Physical Scientists 81.1% 107

TOTALS 110.5% 547

Consolidating the above occupational categories into three broad categories

of scientists, engineers, and technicians, shows the following percent increases

between 1969 and 1973:

Occmstional Categories

Engineers

Technicians (Includes
Draftsmen)

Scientists

% Increase Between July 1969
and December 31, 1973

268.2%

124.1%

84.3%

Numerical Increase
Between July 1969
and December 31, 1973

59

278

210

Chart 12 represents the actual historical BLS technical manpower data (1963-

1968) for the non-government-owned companies active in the processing and packag-

ing radioisotopes segment and ANS projections of the segment's requirements for

technical personnel through 1973. Although scientists will comprise the largest

group in 1969 and 1970, technicians will again become the largest occupational

group by 1973.

Currently, there are 15 nuclear scientists employed by the privately owned

companies active in this segment of the atomic energy field. These companies,



Chart 12
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PROCESSING AND PACKAGING RADIOISOTOPES

however, expect to hire an additional 21 nuclear scientists and 22 nuclear engineers

to fill new positions between 1969 and 1973. The 22 nuclear engineers will be

hired during the period extending from January 1, 1971 through 1973.

Percentages of currently employed scientists and engineers with a particular

educational background to the total number of currently employed scientists and

engineers are as follows:

Educational Backgrounds
2 of Currently Employed
Scientisrs and Engineers

Number of Currently
Employed Scientists

and Engineers

Chemistry 55.3% 151

Biology 20.0% 55

Other Science Disciplines 14.0% 38

Nuclear Chemistry 2.7% 7

Electrical/Electronics 2.0% 6

Engineering

Health Physics 2.0% 5

Mechanical Engineering 1.5% 4

Other Nuclear Sciences 1.3% 3

Other Engineering Disciplines 1.2% 2

TOTALS 100.0% 271

Of the currently employed nuclear degreed scientists, 22.3% have BS's:

33.3% have MS' and, 44.4% have PhD's. Of the other degreed (non-nuclear)

personnel currently employed in this segment of the atomic energy field, 68,6%

have BS's; 12.9% have MS's; and, 18.5% have PhD's.

The annual requirements for nuclear degreed scientists and engineers

between July 1969 and December 31, 1973 to fill new positions are:

E37
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Year

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL NEW POSITIONS

Scientists Engineers

1969 (6 mo.) 4 0

1970 8 0

1971 3 7

1972 3 7

1973 3 8

In addition to the need for nuclear degreed scientists and engineers to fill

new positions, allowances for attrition must also be included to arrive at the

total technical manpower reqtrixements of privately owned companies active in the

proe!essing and packaging radioisotopes segment for nuclear degreed personnel,

(Allowances for attrition are the same as those used previously in this report:

8.4% for scientists and 7.6% for engineers.)

Nuclear Scientists
Growth Replacement TotalsYear

1969 (6 mo.)

,AverageAnnUal
Incremental
Requirementa

(41/2 yri-,-) 4.7'

Growth 'Replacement Totals

2.2 5.6

Between July 1969 And December 31, 1973 a total of 56 nuclear degreed scientists

:and engineers Will be-:needed bY all privately Owned 'companies actiVe in the pro-

cessing and packaging'redlOiSotoPeS segMent. Thia total requirement averages out

Nuclear Engineers

6.9 4.9 0.7

o about 13 nuclear degreed.scientIsts and engineers eachyear.to-fill mew and
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replacement positions within these organizations.

SUMMATION OF IN-DEPTH INTERVIEWS

The primary employment qualification fOr degreed (non-nuclear) scientists

and engineers depends essentially on the nature of the job. However, there seems

to be a pref.. for the experienced individual.

At the majority of the interviewed companies, degreed (non-nuclear) personnel

work in research and development, production, scientific and technical information,

and management activities. These types also get involved, to a lesser extent,

in test and evaluation and standards and specifications activities.

The interviewed companies have had only fair to good success in filling their

requirements for degreed (non-nuclear) personnel during the past five years. They

also indicated that the supply of scientists during the past year has increased.

This increased supply of scientists was attributed.to cuts in government research

funds which has resulted in may qualifi d individuals being released from or-

ganizations dependent on government funds.

In the near se organizations expect the supply of degreed (non-

nuclear) scienti.... .ingineers to be tight but they will:beable to

attract their share of the market. One"discipline in which there will be a critical

shortage is organic chethists bothat the BS and PhD levels.

All of the companies werelin agreement concerning the relative merits of

having theirAegreed (non7nuclear) perSonnel take Some Coursework in nuclear, -

science and engineering. The nuclear related cOurSea which Would be Most appli-

cable to the companies' technical environment are,- nuclear chemistry, radio-

chemistry, radioisotope techniques, health physics,

strumentation.

radiation safety, and in-,.
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Although these organizations hire very

engineers,.when they do hire them, they are

few nuclear degreed scientists and

looking for the experienced individual.

Nuclear degreed personnel work almost exclusively in

management activities.

Generallyspeaking, the reason why some

research, production, and

of these companies hire nuclear degreed

scientists and engineers is because of the companies' activity in the nuclear

medicine field. The companies generally feel that their health physicists ade-

quately meet the job responsibilities expected of them. Fowever, the companies

have found nuclear physicists to be trained almost exclusively for the reactor

field, and as a result, they do not readily fit into the technical climate of tiese

organizations.

Technicians employed on the basis of their education and experience work

in the areas of research and development, test and evaluation, regulatory en-

forcement, and data collection, processing, and analysis. These organitations

have had, and are having, considerable difficulty in attracting enough technicians

to fill their requirements. This shortage is especially acute in the area of

nuclear medicine technology.

Nuclear related courses that would benefit their teChnicians are, nuclear

cheMistry, radiochemiStry, radioisotope techniques, and instruMentation.

The two most reliable extrinsic factors used by thepe organizatiOns in

estimating their teChnical manpower reciareMenta are, the "general economic out-

look" and "pOssible'neW aPplications of atOMic energY." Intrinsic factors in-

clude, "salee forecasts,"'"entries into new markets," and "antiCipated expansion

of plant facilities"

SoMe of-the More general cOmMents offered by the cOmpanies were: 1) there

should be a greater emphasis placed on muclear medicine technology not only at
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the medical schools, but also at the universities in general; and, 2) college

courses should be offered for middle-management personnel to broaden their

understanding of the theory and application of radioisotopes.



PARTICLE ACCELERATOR MANUFACTURING

BLS Segment Definition -- Includes the manufacture of particle acceZeratore

and of components specifically designed for and unique

to accelerators.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 39.7% of all engineers, 48.2% of

all scientists, and 45.4% of all technicians working in this segment as reported

by BLS. The historical data for scientists, engineers, and technicians employed

in the particle accelerator manufacturing industry (non-government-owned) are

given below:

Year Scientists

Historical BLS Data (1963-1968)
Totals

Engineers Technicians

1963 120 197 332 649

1964 77 2L3 311 601

1965 74 16r 268 502

1966 76 190 278:' 544

1967 72 176 280 528

.1968 56 141 271 468

.Datajirovided by the sample coMpanies and extrapolated b'.7..the ANS to the

entire particle aCceleratOr manufacturing segmegt (privately: owned).for 1969,

1970, and 1973 are presented in Table 12 The overall growth .in technical

manpower requirements for this Segment of ihe atomic:energy field between July

1969 and December 31, 1973 iRy46.9%.

Percentage increases betwe0.1 1969 and 1973 for each of the listed occupa-

tional categories are:.



Table 12

PARTICLE ACCELERATOR MANUFACTURING
CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS

PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.
(Data include only personnel emaloyed L7 privotely-ovened companies active in particle accelerator manufacturing who spend at least
50% of their working time in atomic eneroy activities.)

OCCUPATION AL CATEGORIES
CURRENT

EMPLOYMENT
1970

INCREASE/
DECREASE

1973
INCREASE/
DECREASE

PHYSICAL SCIENTISTS 56 59 +3 67 +8

LIFE SCIENTISTS 2 2 3 1

ENGINEERS 164 192 +28 245 +53

MATHEMATICIANS 6 6 8 +2

DRAFTSMEN 63 75 +12 97 +22

ELECTRICAL & ELECTRONICS
TECHNICIANS

58 68 +10 85 +17

OTHER ENGINEERING TECHNICIANS 203 240 +37 305 +65

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS

17 19 26 +7

TOTALS 569 661 +92 836 +175
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% Increase Between July 1969

Occupational Categories and December 31 1973

Numerical Increase
Between July 1969
and December 31, 1973

Draftsmen 54.0% 34

Health Physics Te_hnicians 52.9% 9

& Radiation Monitors

Other Technicians 50.2% 102

Life Scientists 50.0% 1

Engineers 49.4% 81

Electrical/Electronics 46.6% 27

Technicians

Mathematicians 33.3% 2

Physical Scientists 19.6% 11

TOTALS 46.9% 267

Consolidating the above occupational categories into three broad categories

of scientists, engineers, and technicians, shows the following percent increases

between July 1969 and December 31, 1973:

% Increase Between July 1969
Occupational Categories and December:31*. 1973

Numerical Increase
Between July 1969
and December 31 1973

Technicians 50.4% 172

Engineers 49.4% 81

Scientists 21.9%
t.

With the increase in engineers and especially technicians, it would seem that this

industry is becoming less research and more product oriented.

Chart 13 represents the actual historical BLS technical manpower data (1963-

1968) for the entire non-government-owned companies active in particle accelerator

manufacturing and ANS projections of the segment's requirements for technical

personnel through 1973. Projected requirements for scientists will remain

relatively stable, while both the engineer and technician categories will reverse



Chart 13
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their previonsly decreasing trend.

Currently there are 8 nuclear scientists and 3 nuclear engineLers employed

by the privately owned companies active in this segment of the atomic energy

field. These companies, however, plan to hire an additional 6 nuclear scientists

to fill new positions between 1970 and 1973. None of the companies expect to

hire any additional nuclear enginee.7.'s during this period of time.

Percentages of currently employed scientists and engineers with a particular

educational background to the total number of currently employed scientists and

engineers are as follows:

Educational Backgrounds
% of Currently Employed
Scientists and Engineers

Number of Currently
Employed Scientists

and Engineers

Electrical/Electronics 29.2% 87

Engineering

Mechanical Engineering 26.6% 59

Physics 20.3%

Other Science Disciplines 3.9% 9

Chemistry 3.8%

Nuclear Physics 3.8%

Chemical Engineering 1.2%

Nuclear or Reactor 1.2%
Engineering

TOTALS 100.0% 222

Of the currently employed nuclear degreed scientists and engineers, 25.0%

have MS's and 75.0% have PhD . Of the other degreed (non-nuclear) personnel

currently employed in this segment of the atomic energy field, 72.0% have BS's:

17.3% have MS's; and, 10.7% have PhD's.

Annual requirements for nuclear degreed scientists and engineers between

July 1969 and December 31, 1973 to fill new positions are:

413 L
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ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DECREED
PERSONNEL TO FILL NEW POSITIONS

Year Scientists Engineers

1969 (6 mo,) 0 0

1970 0 0

1971 2 0

1972 2 0

1973 2 0

In addition to the need for nuclear degreed scientists to fill new psoitions,

allowances for attrition must also be included to arrive at the total technical

manpower requirements of privately owned companies active in the particle

accelerator- manufacturing segmont for nuclear degreed personnel. (Allowances

for attrition are the same as those used previously in thie report: 8.4% for

scientists and 7.6% for engineers.)

Nuclear Scientists Nuclear Engineers

Year Growth Replacement Totals -Growth ReliseL_Aset- Totals

1969 (6 mo.):

1970

1971

1972

1973

TOTALS

Average- Annual_
incremental
Requirements*

(41.1 yra.):

0 1 1

0 1 1

.3

3

2 1 3

11

2 1

2 1

1.3 1.1 2.4

0

0

0

0

0

Between4Olir 1969 and December 31, 1973 a total of 11 nuclear scientists will

be needed by All privately Owned companies active in-the particle accelerator manu-

facturing segment. This total requiremeut averages out to about 2 nu-clear scientists

each 7ea; tO'fill new Andreplacement Positions.Within theSe organizetions.
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SUMMATION OF IN-DEPTH INTERVIEWS

Generally speaking; these companies hire a scientist or engineer for the

specific skills he possesses.

Degreed (non-nuclear) scientists and engineers work primarily in development,

test and evaluation, design, and production activities.

During the past five years, the interviewed companies have had good success

in filling their requirements for degreed (non-nuclear) scientists and engineers.

Some of the reasons for their success are: 1) the company's reputation; 2) the

company's geographical location: and, 3) the challenges and opportunities available

to their employees. These organizations were also optimistic about filling their

needs for degreed (non-nuclear) personnel in 1970 and 1973. However, they also

believe 1t will be more difficult for them to hire qualified individuals.

The companies indicated they would like their degreed (non-nuclear) scientists

and engineers to have some coursework in nuclear science and engineering. They

believe such coursework would give their employees a better understanding of new

nuclear applications of their products. Specifically, they would like to hire

chemical engineers and/or process engineers who have had some background training

in radiation chemistry. Some of the nuclear related courses these companies would

like their degreed (non-nuclear) personnel to take are, radiation shielding,

radiological physics, radiation safety, and instrumentation.

None of the interviewed companies anticipate, in the near future, any change

in emphasis on hiring degreed (non-nuclear) scientists and engineers with a

particular educational background as compared to their current hiring practices.

They will continue to emphasize electrical/electronics and mechanical engineers,

chemists and physicists.

These companies will hire very few nuclear degreed scientists by 1970 or

1973. Those they do hire will be hired specifically to make the company
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competitive in the nuclear field. They see the nuclear degreed individual as a

means to develop new applications of their products.

The reason why these companies do not hire a greater number of nuclear

degreed scientists and engineers is because the companies are now emphasizing

product development rather than basic research. As a result, they need personnel

trained in a number of basic engineering disciplines. The companies believe the

experienced chemical, mechanical and electrical engineer is their most valued

possession.

The companies that plan to hire nuclear degreed scientists in 1971, 1972

and 1973 expect no difficulty in filling their requirements.

When hiring technicians, these organizations look for people who have had

some specialized technological training. Technicians at these organizations work

in activities associated with development, design, construction and installations,

operations, and maintenance.

Employment of technicians has been difficult for all the interviewed com-

panies during the past five years. One company indicated that in order for it

to overcome the tight technician market, they have developed "in-house" training

programs. Th e only nuclear course these companies believe would be of value to

their technicians is radioisotsme'techniguLeLs.

Some-'of the general'comMents made by these organizations:were: 1),at the

graduate 'snuclear science level, more emphasis should be placed on proCess

engineering (specifically, relating radiation sources to the process line); 2)

too much money is spent on reactor technology at the universities and national

labs, and not enough is directed toward the development of radiation applications

for manufacturing and industrial organizations; and, 3) a .common dilemma ex-

perienced not only by these organizations but also by virtually all of the

interviewed companies is that their marketing personnel lack sufficient technical

education while their technically oriented peraonnel are not good businessmen:
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The extrinsic factor which has proven to be the most reliable measure of

these organizations' technical manpower requirements is "possible new applications

of atomic energy." The two main intrinsic factors are "sales forecasts" and

"entries into new markets."



PRIVATE RESEARCH LABORATORIES

BLS Segment Definition -- Private laboratories engaged in research-development

and other testing facilities in connection with atomic

energy work.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 23.1% of all engineers, 22.7%

of all scientists, and 25.5% of all technicians working in this segment as reported

by BLS. The historical BLS data for scientists, engineers, and technicians em-

ployed at private research laboratories (non-government-owned) are given below:

Year Scientists

Historical BLS Data (1963-1968)
TotalsEngineers Technicians

1963 429 414 609 1,452

1964 776 617 925 2,318

1965 870 687 1471 -:2,728

1966- 745 713 1,072 2,530

I 1967 683 -647.- 765 2,095

'..1968-. :648 : 658: 835 2,141.

'Data iirmrided :by the SeMple coMOaniee and e*trapOlatedbY the ANS to the

entire priyateresearch labOratOries :.(privately oWned):for 1969,-1970, and

are presented in:Table 13. :The overa11:growth in ;technical manpower requirements-
, . .

for this sgmsot of the atomid energy field between July 1969 and December 31, 1973

s 33.9Z.

Percentage-increases between July 1969 and December 31,' 1973 for:each of

the listed occupational categories are:

`,T,Increase Between July 1969
andl)ecember 31, 1973-

Numerical Increase
Between July 1969
and December 31 1973

Life Scientists 84.5%



Table 13
PRIVATE RESEARCH -4.BORATORIES

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

(Data include only personnel employed by privately-owned companies octive in private research laboratories who spend at least SO%
of their working time in atomic energy activities.)

OCCUPATIONAL CATEGORIES
CURRENT

EMPLOYMENT 1970
INCREASE/
DECREASE

1973
INCREASE/
DECREASE

PHYSICAL SCIENTISTS 732 817 +85 976 +159

LIFE SCIENTISTS 58 80 +22 107 +27

ENGINEERS 1,300 1,476 +176 1,712 +236

MATHEMATICIANS 62 71 +9 93 +22

DRAFTSMEN 56 71 +15 99 +28

ELECTRICAL & ELECTRONICS
TECHNICIANS 284 332 +48 417

OTHER ENGINEERING TECHNICIANS 474 536' +62 593 +57

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS

20 19 1 32 +13

LIFE SCIENCE TECHNICIANS 10 +10 24 +14

PHYSICAL SCIENCE TECHNICIANS 290 318 +28 347' +29

OTHER TECHNICIANS 53 57 80 +23

NUCLEAR REACTOR OPERATORS 104 109 109

NUCLEAR MATERIALS MANAGERS

TOTALS 3,433 3 901 +468 4,596 +695



PRIVATE RESEARCH LABORATORIES

Numerical Increase

(Coned) % Increase Between July 1969 Between July 1969

Occupational Categories and December 31, 1973 and December 31, 1973

Health Physics Technicians 60.0% 12

& Radiation Monitors

Other Technicians 50.9% 27

Mathematicians 50.0% 31

Electrical/Electronics 46.8% 133

Technicians

Physical Scientists 33.3% 244

Engineers 31.7% 412

Other Engineering Technicians 25.1% 119

Physical:Science Technicians 19.7% 57

Nuclear Reactor Operators 4.8% 5

Life Science Technicians
24

Nuclear Materials Managers
7

TOTALS 33.9% 1,163

With the increased concern ovek environmental problems, it is interesting

to see

in the life

that the private research organizations are building up their competency

sciences while maintaining theik staff level in the physiCal sciences .

the abOVeOccupational categories Into three broad categorieS of

scientists, engineers, and

between 1969 and 1973:

technicians, Shows:the:f011oWing percent increasea

Occupational Categories

Scientists (Includes
Mathematicians)

% Increase,BetWeen July 1969
and December 31, 1973

38.0%

Numerital Increase
Between 'July 1969
and December 31, 1973

324

.Technicians (InCludes
DraftsMen, Nucleareactor
OperatoksHandNUclear
MateriaWManagers)

Engineers



PRIVATE RESEARCH LABORATORIES

Chart 14 represents the actual historical BLS technical manpower data (1963-

1968) for non-government:owned organizations classified as private research

laboratories and ANS projections of their requirements for technical personnel

through 1973.

Currently, there are 142 nuclear scientists and 310 nuclear engineers employed

by the privately owned organizationr in this segment of the atomic energy

field. These companies, however, expezt to hire an additional 80 nuclear scientists

and 171 nuclear engineers to fill new ptasit-Mns hietween 1969 and L973.

Percentages of currently employed all=1 ists and engineers with a particular

educational background to the total number :II' cutmently employed scientists and

engineers are as follows:

% of Cuttantly Emmloyed
Educational Backgrounds Scientists atild Engineers

Physics 23.5%

Nuclear or Reactor Engineers 14.4%

Mechanical Engineering 13.6%

MetallUrgical Engineering: 8.77

Electrical/Electronics.Engineering

:Metallurgy

Chemistry

Chemical Engineering

Nuclear Physics

Number of Currently
Employed Scientists

and Engineers

Other Engineering Disciplines. 2.1%

Nuclear Chemistry 1.9%

Biology 1.97

Other SCience Disciplines 1 .5%

490

306

283

180

180

165

118

79

65

44

40

39

31



Chart 14
EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY ORGANIZATIONS ACTIVE IN THE PRIVATE RESEARCH

LABORATORIES SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR EXTENDING

FROM 1963 THROUGH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF

THE TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973.

5000

4500

4000

(Data 1.-clude only personnel employed by privately-owned companies active n
lb., private research laboratory activity who spend at least 50% of their working
time in atomic energy activities.)

KEY:

1963 -1968 Actual Data Reported by BLS
--- 1969-1973 ANS Projected Data

TOTALS

ENGINEERS
T ECHNICIANS

SCIENTISTS



PRIVATE RESEARCH LABORATORIES

(Cont'd)
Educational Backgrounds

Number of Currently
% of Currently Employed Employed Scientits
Scientists and Engineers and Ez.Aineers

Civil Engineering 1.2% 29

Health Physics 1.0% 21

High Energy Physics 1.0% 20

TOTALS 100.0% 2,090

Of the currently employed nuclear degreed scientists, 7.8% have BS's, 53.3%'

have MS's; and 38.9% have PhD's. Of the other degreed (non-nuclear) personnel

currently employed in this segment of the atomic energy field, 44.2% have BS's;

32.3% have MS's; and 23.5% have PhD's.

The annual requirements for nuclear degreed scientists and engineers between

July 1969 and December 31, 1973 to fill new positions are:

ANNUAL INCREMENTAL REQUIREMENTS 7OR NUCLEAR DEGREED
PERSONNEL TO FILL'NEWPOSITIONS

Scientists Engineers

7 25

15 50

19 32

19 32

Year

1969 (6 mo.)

1970

1971

1972

1973 20 32

In addition io theneed for nuclear degreed scientists and engineers to fill

new.positions, 4 lowances for attrition.for. nuclear degreed personnel must also

be included to arrive at the total technical manpower requirements of privately

owned organizations active in the private research activities. (Allowances for

attrition are .the same as those used Previously, in this report: 8.4% for scientists

and 7 .'6% for engineers.)



Year

Nuclear Scientists

PRIVATE RESEAME LABORATORIES

Nuclear Emeers
Growth Replacement Totals Growth Replacit '7orals

1969 (6 mo.) 7 12 19 25 24 49

1970 15 14 29 30 2-; 79

1971 19 15 34 32 31 63

1972 19 17 36 32 34 66

1973 20 19 39 32 37 69

TOTALS 80 77 157 171 155 326

Average Annual
Incremental
Requirements
(41/2 yrs.) 17.8 17.1 34.9 38.0 34.4 72.4

Between July 1969 and December 31, 1973 a total of 483 nuclear degreed

scientists and engineers will be required by private lasearch labortories. This

total requirement averages out to slightly more than 107 nuclear degreed scientists

and engineers each year to fill new and replacement positions within these

organizations.

SUMMATION OF IN-DEPTH INTERVIEWS

The interviewed organizations offered a number of opinions regarding the

employment qualifications they consider when hiring a degreed (non-nuclear)

scientist ar engineer. Some of the employment qualifications they use are: 1)

the quality of the man as determined by the candidate's interview with supervisory

personnel; 2) determination of how the individual is structured -- first, his

ability to see the sponsor's need and, secondly, his problem-solving ability;

and, 3) the relationship between the qualifications of the indivtdual and the

organization's field of interest. When evaluating potential engineers, the apç

is basically the same as that for scientists although there is less emphasis on

advanced degreed people.



PRIVATE RESEARCH LABORATORIES

The activities in which their degreed (non-nuclear) scientists and engineers

work include, research, research contract and grant administration, development,

standards and specifications, scientific and technical information, data collection,

processing and analysis, planning, management, and technical assistance and con-

sulting.

All interviewed organizations have had good to excellent success in filling

their need for degreed (non-nuclear) scientists and engineers during the past

five years. They also expect the supply of degreed (non-nuclear) personnel to

be large enough in 1970 and 1973 to meet their requirements. Ttese organizations

attribute their success in attracting qualified individuals to the intellectually

stimulating work environment found at research laboratories. It is interesting

to uote that the technical manpower needs of researcb labs fluctuate considerably.

The nature of the business results in a high turnover rate which,reflects the

changing requirements of their sponsors (i.e., an increased emphasis in an area

of technology different from that in which the lab is currently working). This

results in the hiring of scientists and engimeers who have the required expertise

172 perform.the research related .to
. .

the sponsor7s need..

Whatever diffiCulty thepe organizations expzience in attracting qualified

technical personnel is usually relatedto the fact that ,they are looking for very

sOecialized:peoplefor very specialized research. Obviously,,there is a limited

supply of these specialists from which they can draw.

that it iS having difficulty finding a Man trained in radiochemistry. They have

been unable to find a radiochemist with any long-term practical experience.

Furthermore, they cannot find men with industrial experience who qualify because

most-industrial people are.not "up-to-date" with regard to the latest scientific

and technological techniques.

One organization indicated



PRIVATE RESEARCH LABORATORIES

Obviously, these organizations would prefer their degreed (non-nuclear)

scientists and engineers to have some nulcear related coursework. Nuclear

courses which would have applicability to these organizatioaa are, waste disposal,

radiation shielding, nuclear metallurgy, nuclear chemistry, radiochemistry,

radioisotope techniques, health physics, control and telemetry, radiation safety,

and instrumentation. Researct organizations would also like their scientists

and engineers to have more coursework and/or experience in the life and social

sciences;

The same general employment considerations are followed when hiring a

scientist or engineer with a nuclear degree as are followed when hiring scien-

tists and engiueers in general. Nuclear degreed personnel work primarily in

research, development, test and evaluation and data collection, processing, and

analysis activities.

All the interviewed companies have had good success in hiring nuclear degreed

individuals. They also do not expect any difficulty in the near future. Again,

they attribute their success to the stimulating environment of research labora-

tories. Their requirements for nuclear degreed scientists and engineers have

increased during the past five years and will continue into the seventies. This

emphasis on nuclear degreed individuals is probably due to the fact that many

sponsors have become Mere accustomed to "farming out" their research than ex-

panding their own in-house capability.

Generally speaking, these organizations hire nuclear scientists and engi-

neers for nuclear related research currently being conducted by the laboratory.

In other words, they hire a specialist to conduct research in a specialized

technological teld. It is also interesting to note, however, that these organi-

zations believe that a good physicist, for example, or eN-ectrical engineer

sperializing in fast electronics tends to do the required work as,well as the

nuclear degreed individual.



PRIVATE RESEARCH LABORATORIES

In evaluating the education received by nuclear degreed individuals, the

comments offered were: 1) people in the nuclear field do not have an apprecia-

tion for ecology and other environmental considerations; 2) the education and

training of nuclear scientists and engineers are about as good asnny other

discipline; 3) more emphasis should be placed on heat transfer and fluid flow

for graduate nuclear engineers; 4) the BS degree in nuclear engineering is

definitely not needed; and, 5) all professional employees, regardless of their

educational background, should have more exposure to business economics.

Employment of technicians at these organizations is based upon the candi-

date's education and previous experience. Technicians typically work in research,

development, design, test and evaluation, data collection, processing and analysis,

standards and specifications, and technical assistance activities. Most technicians

work in research and development activities.

These organizations do not anticipate any difficulty in filling their

requirements for technicians in 1970 or 1973. Nuclear related courses for

technicians would include, instrumentation, radioisotope techniques, health

physics, radiation safety and fuel handling.

The two extrinsic factors used by these organizations in making manpower

projections are, "projections of government funde and "increasing nuclear power

plant generating capacities." The primary intrinsic factors used are "projections

of government funds to their company," "dollar value of savvices," and, "forecasts

of research expenditures."

A ten percent decrease in government funds from their current level would

not adversely affect their manpower levels. They believe that to have any signifi-

cant effect, there would have to be at least a twenty-five to thirty percent cut-

back in government research funds.



BLS Segment Definition

INDUSTRIAL RADIOGRAPHY

Reporting units primarily engaged in providing

commercial radiographic service. Excludes in-plant

radiography where its use is incidental to another

activity such as manufacturing.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 70.8% (:)! all engineers, 13.9%

of all scientists, and 48.8% of all technicians working in this segment as re-

ported by the BLS. The historical BLS data for scientists, engineers, and tech-

nicians working in the industrial radiography segment are given below:

Year Scientists
Historical BLS Data (1963-1968)

TotalsfElflairs Technicians

1963 4 34 532 570

1964 8 48 546 602

1965 8 49 475 532

1966 6 44 434 484

1967 3 53 434 490

1968 4 48 408 460

Data provided by the sample companies and extrapolated by the ANS to the

entire in4ustrial radiography industry for 1969, 1970, and 1973 are presented

in Table 14. The overall growth of technical manpower requirements for the

companies in this segment of the atomic energy field between July 1969 and

December 31, 1973 is 44.6%.

Percentage increases between July 1969 and December 31, 1973 for each of

the listed occupational categories are:



Table 14
INDUSTMAL RADIOGRAPHY

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS AND-TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1973.

(Data include only personnel employed by privately-owned companies active in industrial radiography who spend at least 50% of their
working time in atomic energy activities.)

OCCUPATIONAL CATEGORIES
CURRENT

EMPLOYMENT 1970
INCREASE/
DECREASE

:-

197i .

INCREASE/
DECREASE

PHYSICAL SCIENTISTS. 4 8

ENGINEERS 53 62 +9 77 +15

OTHER ENGINEERING TECHNICIANS T5 16 +1 23

OTHER TECHNICIANS 379 455 +76 544 +89
_. .

TOTALS 451 537 +86 652 +115



INDUSTRIAL RADIOGRAPHY

Numerical Increase

% Increase Between July 1969 Between July 1969

Occupational Categories and December 31, 1973 arid December 31, 1973

Physical Scientists 100.0%

Other Engineering Technicians 53.3% 8

Engineers 45.3% 24

Other Technicians 43.5% 165

Consolidating the above occupational categories into three broad categories

of scientiets, engineers, and technicians, shows the following percentage of

increase between July 1969 and December 31, 1973:

4

Numerical Increase

%Jncreape Between July 1969 Between July 1969

Occupational Categories and December 31, 1973 and December 31, 1973

Scientists .

100.0% 4

Engineers 45.3% 24

Technicians 43.9% 173

It is obvious that this segment of the atoMic energy fieldris comprised primarily

f technician7lpVel personnel. Although requirements !Or technicians 4re grOwing':,

at a rate less than either the scientist or engineer categorieS, they do make up

:ithe majority of industrial radiography personnel.

Chart 15 represents the actual historical BLS technical manpower data (1963-

1968) for the entire non7-governmentowned, companies active in the industrial

radiOgraphy segMent awl ANS projections of this segment's requirements for tech-

nical manpower through 1973.

None of the three4nterviewed cOmpahieS currently employ nuclear degreed

personnel, nor 4o they Anticipate a need for these types in the near future.

Of cUrrently:-emPloye4 sClentiate and engineera with a

particular, educational backgroUnd.to the total number,of currentlyyemployed

scientists and engineers are as



Chart 15
EMPLOYMENT OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES ACTIVE IN THE INDUSTRIAL RADIOGRAPHY
SEGMENT OF THE PRIVATE SECTOR OF THE ATOMIC Et: .GY FIELD FOR EACH YEAR EXTENDING FROM 1963 1HROUGH

1968 (AS REPORTED BY THE BUREAU OF LABOR S-..ATISTICS) AND ANS PROJECTIONS OF THE TECHNICAL
MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973.

700
(Data include only personnel employed by privotelyowned companies active in
industrial radiography who spend at least SO% of their working time in otomic
energy activities.)

KEY:

630 1963-1968 Actual Data Reported by BLS
--- 1969-1973 ANS Projected Data

TOTALS

TECHNICIANS

350

210

140

AL ENGINEERS

SCIENTISTS

1965 1966 1967 1968 1969 1970 1971 1972 19 3



Educational Backgrounds

Chemical Engineering

Other Engineering Disciplines

Electrical/Electronics
Engineering

Mechanical Engineering

Metallttrgical Engineering

Chemistry

TOTALS

% of Currently Employed
Scientists and Engineers

29.4%

29.4%

14.7%

INDUSTRIAL RADIOGRAPHY

Number-of Currently
Employed Scientists

and Engineers

Of the currently employed degreed (non-nuclear) scientists

91.2% have BS's and 8.8% have MS's.

17

17

8

7

7

57

and engineers,

SUMMATION OF IN7DEPTH INTERVIEWS

The interviewed companies indicated that experience was the primary employ-

ment qualification they consider when,evaluating potential degreed (non-nuclear)

employees. Their degreed (non-nuclear) personnel iaork primarily.in planning,

management, technical assistance, and consulting activities.

During the past five years, these organizations have had good success in

filling their needs for degreed (non-nuclear) scientists and engineers. The

interviewed companies also.expect the supply of degreed (non-nuclear) scientists

and engineers to be large enough to meet their manpower requirements in 1970 and

1973.

None of the interviewed companies felt that their degreed (non-nuclear)

scientists and engineers would particularly benefit frqm additonal coursework

in nuclear science and engineering, It should also:be noted that.these organiza-

tionshaVe never employed, nor are they planning tb employ,: nuClear degreed

acientists and engineers. They do not beliee ihe technical requirements of



INDUSTRIAL RADIOGRAPHY

their industry are such that they need the technical sophistication of a nuclear

degreed individual.

Experience is the primary employment qualification for hiring technicians.

Technicians employed in the industrial radiography industry work Primarily in

test and evaluation activities. Other company activities where technicians work

are, installations, operations and maintenance, teaching and training, and tech-

nical assistance and consulting.

These companies have had very good success in attracting technicians during

the past five years, and they do not expect any difficulty in the future. The

companies do believe, however, that shou1d!uashortage occur, they willHbe able mo

train Unskilled technicians through "inhoomae" educatIonal programs.

The companies did Indicate that their technicimns -would benefit from some

coursework in radiation shielding, radimfamtope techmiques, radiological Physics,

and radiationsafety.

The primary ektrinsic factor used by tileSe companies in forecasting

their teChnical manpower reqnirementi is the "general econoMic outlook." The

most reliable intrinst&fattors are "sales forecasts" And "histOrical eMplOyMent

data"



MISCELLANEOUS

BLS Segment Definifton -- Reporting units engaged in nuclear activities which

ara not classifiable in any of the previous segments.

PRESENTATION OF STATISTICAL DATA

In 1968, the interviewed companies employed 54.7% of all engineers, 100.0%

of all scientists, and 29.8% of all technicians working at companies reporting

in the BLS's miscellaneous segment. Historical data for scientists, engineers,

and technicians employed at companies that report in the miscellaneous segment

of the BLS survey are given below (The miscellaneous segment is composed primarily

of government-owned-establishments, and therefore, extrapolations fromthe sample

companies could only be made to the data reported to the BLS by the privately

owned organizations 12.7% of the 1968 totals reported by BLS are for

privately owned companies):

: Year Scientist's

HiStorical BLS Data (1961968)
TotalsEngineers Technicians

1963 51 257 223 531

1964 39 219 191 449

1965 26 165 174 365

1966 24 158 183 365

1967 56 132 141 329

1968 3 115 88 206

Data provided by the sample companies and extrapolated by the ANS to the

entire number of cemOanies reporting in the miscellaneous segment (privately

.owned) for: 1969, 1970,- and'1973 are presented in
Table 15. The overall growth

Of these companies, in terms of technical manpower requireMents, between July

1969 and DeceMber 31, 1973 is 64.5%.

Percentage increases between July 1969 ar.d December 31, 1973

the listed,OOcupational categories are:

for each

fp i



Table 15
MISCELLANEOUS INDUSTRIES

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGMEERS AND TECHNICIANS BY OCCUPATIONAL CATEGORIES AND ANS
PROJECTIONS OF TECHNICAL MANPOWER REQUIREMENTS FOR 1970 AND 1971.

(Data include only personnel employed by privately-owned -companies active in the atomic energy field but w'hich ore unclassifiable
in any cif the previously defined segments of the private smctor of the atomic energy field. Only personnel wlho spend at least 50%
of their \working time in atomic energy activities are included.)

OCCUPATIONAL CATEGORIES CURRENT
EMPLOYMENT 1970

DECREASINCREASE/E
1973

INCREK.SE/
DECREASE

PHYSICAL SCIENTIST:::

I

10
1

13 +3 18 +5

LIFE SCIENTISTS 3 4 +1 6 +2

ENGINEERS 89 107 +18 142. +35'

MATHEMATICIANS 3 4 +1

DRAFTSMEN 41 47 +6 59 +12

ELECTRICAL & ELECTRONICS
TECHNICIANS 26 31 +5 45 +14

OTHER ENGINEERING TECHNICIANS 15 17 4-2 +5

HEALTH PHYSICS TECHNICIANS &
RADIATION MONITORS 6 9 +3 12 +3

LIFE SCIENCE TECHNICIANS 2 2 2

PHYSICAL SCIENCE TECHNICIANS 8 10 +2 16 +6

OTHER TECHNICIANS 8 : 12 4-4 16

NUCLEAR REACTOR OPERATORS +3

TOTALS 214 261 +47 352 +91



Occupational Categories

Nuclear Reactor Opetators

Other Technicians

Physical Science Technicians

Health Physics Technicians
& Radiation Monitors

% Increase Between July 1969
and December 31, 1973

166.7%

100.0%

100.0%

100.0%

MISCELLANEOUS

Numerical Inc=ease
Between JOly 1969
and December 31 1973

5

Life Scientists 100.0% 3

Mathematicians
100.0% 3

Physical Scientists 80.0% 8

Electrical/Electronics 73.1%

Technicians

Engineers 59.6%

Other Engineering Technicians 46.7%

Draftsmen 43.9% 18

TOTALS 64.5% 138

Consolidating the above occupational categories into three broad categories

of scientists, engineers, and technicians, shows the following percentages of

increase between July 1969 and December 31, 1973:

% Increase Between July 1969

Occupational Categories and December 31.,_ 1973

Scientists (Includes
Mathematicians)

Numerical Increase7---
Between July 1969
and December 31, 1973

87.5% 14

Technicians (Includes Draftsmen 65.1%

& Nuclear Reactor Operators

Engineers 59.6%

Chart 16 representsthe actual historical BLS technical manpower data.:(1963-
,

,

1908) for a11 nOngovernment-owned_companies reporting in the BLS15 miscellaneous.

71

53



MISCELLANEOUS

segment and Ahv Tarojections of the companies' requirements for technical

personnel rhrougt 1973.

Currently !!--.:Iiere sre only 5 nuclear engineers and 1 nuclear scientist employed

by the privstel-IT owsed companies active in this segment of the atomic energy field.

These comlyanies, hovever, expect to hire an additional nuclear scientist and 3

additional nuclear. engineers to fill new positions between July 1969 and December

31, 1973.

Percencages-of currently employed scientists and engineers with s particular

educJtional bazikgroOnd to the total number of currently employed scientists and

engineers are 0ifol1ows:

% of Currently Employed
Educational Baslsarayala Scientists and Engineers

Number ofCurrently
Employed Scientists

and Engineers

Mechanical Engineering 28.4% 29

Electrical/Electronics Engineering 17.6% 18

Chemical Engineerin% 13.7% 14

Physics 7:8% 8

Metallurgical Engineering 6.9% 7

Other Engineering Disciplines 6.9% 7

Civil Engineering 5.9% 6

Chemistry 4.9% 5

Nuclear or Reactor gngineering 4.9% 5

Metallurgy 2.0% 2

Nuclear Physics 1.0%

TOTALS 100.0% 102

Of the currently eMployed nuclear degreed scientists and engineers, 66.7%

have MS s and 33:3i'have iihD's. Of the'other degreed (fion-nuclear) personnel



Chart 16
EMPLO3'44.E.4rt OF SCIENTISTS, ENGINEERS AND TECHNICIANS BY COMPANIES REPORTING IN 1HE MISCELLANEOUS

SEGKEN1C0F THE PRIVATE SECTOR OF THE ATOMIC ENERGY FIELD FOR EACH YEAR EXTENDING FROM 1963
ThiR.`PtZSH 1968 (AS REPORTED BY THE BUREAU OF LABOR STATISTICS) AND ANS PROJECTIONS OF THE

TECHNICAL MANPOWER REQUIREMENTS FOR 1969, 1970 AND 1973.

,P31,a0

'96u3
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Lu t600

(Data include only personnel employed by privotety.owned companirs reporting in
the miscellaneous segment who spend at least 50% of their working time in atomic

energy activities.)

KEY:

1963-1968 Actual Data Reported by. BLS
--- 1969- 1973 ANS Projected Data
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MISCELLANEOUS

currently employed in this segment of the atomic energy field, 59.4% have BS's,

33.3% have MS's, and 7.3% have PhD's.

Annual requirements for nuclear degreed scientists and engineers between

July 1969 and December 31, 1973 to fill new positions are:

Year

ANNUAL INCREMENTAL REQUIREMENTS FOR NUCLEAR DEGREED
PERSONNEL TO FILL NEW POSITIONS

Scientists Engineers

1969 (6 mo.) 0 1

1970 1

1971 0

1972 0 0

1973 0 1

In addition to these organizattons' need for nuclear degreed personnel to

fill new positions, allowances for attrition must also be included to arrive at

the total technical manpower requirements of privately owned companies reporting

in the miscellaneous segment of the nuclear degreed personnel. (Allowances for

attrition are the same as those used previously in this report: 8.4% for

scientists and 7.6% for engineers.)

Nuclear Scientists Nuclear Engineers
Year Growth Replacement Totals Growth Replacement Totals

1969 (6 mo.)

1970

1971

1972

1973

TOTALS

Average Annual
IliPi"PrOP**1

HRequiteMenis:
(41/4 YTP--.)

1

0

0

0

0

1

1

0

1

3 4

2



MISCELLANEOUS

Between July 1969 and December 31, 1973 a total of 8 nuclear degreed scientists

engineers will be needed by all privately owned organizations reporting in the

ellaneous segment of the BLS survey. This total requirement averages-out to

htly less than 2 nuclear degreed scientists and engineers each year to fill

and replacement positions within these organizations.

LATION OF IN-DEPTH INTERVIEWS

Atamic energy activities in which the interviewed companies are involved

Lude; space systems research and development, manufacturing of special nuclear

iucts (i.e. radiation shielding containers), and consulting, and general ser-

a organizations.

anizations, thus

sented.

Rather than presenting the responses for each of these

avoiding undue repetitiveness, only the highlights will be

These highlights include only information which represents an exception

the responses of all of the interviewed companies or an interesting opinion.

Special nuclear products manufacturing and serVice organizations have in-

ased, although modestly, their requirements for nuclear degreed scientists

i
engineers due to new product developments and service requirements of the

alc energy field.

The service organizations believe, however, that nuclear degreed scientists

1 engineers

.1:1 are mare

Consulting

are generally too specialized in reactor technology, and what they

scientists and engineers with a knowledge of isotope applications.

organizations were very critical of all specialists, as they nrefer

a scientist or engineer Who has, had a broad educational background. In other

rds, they prefer the generalist:

The space systeMS:research and development prganizations indicated that their

Clear degreed Persennel have excellent theoreticalbackgrounda but there is a

feeling thatrhesepathe individualaldepractiCal expOsure tO 4esign problema,



MISCELLANEOUS

5) Only the consulting organizations would be affected by a 10% reduction in

government funds to their company. Such a reduction would result in about an

8% decrease in their manpower estimates for 1970 and 1973. The space systems

organizations, althOughhistorically dependent upon government funds, are currently

in the process of broaciening.their base of operations so that reductions in

government funds would=laof ;Affect their personnel levels. These organizations

are building up their-uuclear capability in anticipation of nuclear space appli=

cations in the civilian karket and do not want to cut back on their staff under

any circumstances.
,

6) The consulting-organczations believ.,.1 their area of activity in the atomic

energy field will leve/:affIbetween 1973 and 1975 and, in order for them to

continue their growth _ihey=are planning to become involved in other nuclear

related activitieso---'

7) Consulting firms.d'noe.believe their degreed eMployee would benefit from

additional coursework.=tWauelear science and engineering. Their general approach

to continuing educatio;440-1t affects the company, is to provide special

technological seminars atC,Ifarious subjects as the need arises.

8) The consultingOrga0i$ations Would like the Universities to stress the

economic and managementebnaiderations of the electric utility industry for the

training of nucleiritgp,cett%.

9) The space systeM-4eui*ations would like to see nuclear degreed people-,

have more coUrseWark4u**0-Sis engineering and bas1C husinesi gdonoMics AS

they apply to the ininAefIt'4d.
,

10) Manufacturers of:speCial,.nuclear products would like all engineers to hxre
,

more ,Ionrsework or eaipOti:eiti,in teaching techniqUes, applications of radio---

isotopes and tadiatiqr011.11TIPs.
.



TIDDMICAL MANPOWER REQUIREMENTS OF THE ELECTRIC POWER UTILITIES

SUMMARY OF FINDINGS

Following are some of the major findings of the utility survey:

1) When a utility builds additional nuclear_ power plants, on-site

personnel increase dramatically while central office or off-site

personnel remain relatively constant;

A significant increase, although numerically small, in the number

of scientists that will be hired between July 1969 and December

1973;

3) By 1973 there will be 1 senior reactor operator for every

reactor operators;

4) An increased emphasis will be placed on the hiring of BS nuclear

engineers;

5). An average of-77,6 technical personnel pernuclear, power plant;

6) .Between-1969.and 1973; 52, nuclear snientista and:361 nuclear

engineers will be, needed by the electric:utility indUstry;.

:7) Utilities that do ,not now have nuclear PoWerplants. are taking

a.",uaitrand-see'" attitude On, theperformance, economics and

social considerations .ofnuclearPlants..ncw.being built or in

.operatiOn;

ekperiencing.difficul*y inhiring degreed

'level personnel, especiallymechanicaliengineers;

60% 'of the interViewed companies have been successful,in.hiring

nuclear scientistsand.engineers;

10) The utilities..have increased their need for nuclear degreed

individuals, because of:

teChnical

a. new nuclearj,ower plant construction

.
increasing requirements of AEC regulatory agencies



ELECTRIC POWER UTILITIES

c. increased awareness of the benefits the nuclear engineer brings

to the utility; and,

11) The electric utility industry must create a be ter image of itself

if it wants to attract quality people.

NUCLEAR TRAINED MANPOWER NEEDS IN ELECTRIC POWER INDUSTRY

This study was conducted by Dr. A. David Rossin and Keith L. Voigt during

the month of February 1969. The study, which utilized the direct-mail

questionnaire technique, was cosponsored by the ANS Power Division and the

Reactor Operations Division. Information was received from 35 U.S. utilities

(46 were contacted). The data represents only those employees who had or will

be revAred to have some nuclear training. Also, all companies contacted had

or were planning to have nuclear power plants in operation by 1976.

Data obtained from the completed questionnaires were extrapolated to

the entire national requirements based on published information concerning the

power ratings and time schedules for the unreported planfs.

The questionnaire included a detailed breakdown of occupational categories.

On-site personnel were subdivided into three categories:.

1. General and Operations

2. Maintenance (direct)

3.- Technical Services

Each ofthese categories includes a number of specific functions; a total of

27 on-site functions in all. Off site or central office personnel were sub-

dividedinto six categories:

1. Design and Safety Analysis

2. Research and Development

j. Construction

4. Operations and;Fuel Cycle Management

-156-

h.76



ELECTRIC POWER UTILITIES

5. Periodic Maintenance (rotating)

6. Administration and Other

These categories in turn, separate into 51 functions.

Obviously, such detailed categories and functions cannot be equally

applicable to the many different organizations and structures of America's

independent electric generating companies. However, all responding companies

managed to provide meaningful answers that could be analyzed along with other

returns.

Since the publication of the Rossin-Voigt study, a number of utilities

have announced plans to build nuclear power plants. On the other hand, one (1)

of the nuclear plants included in the Rossin-Voigt sample has since cancelled

its plans to build a nuclear power plant. The data presented in this report

have been updated to include these changes.

PRESENTATION OF STATISTICAL DATA

Whereafti..e .1:ossin-Voigt study exti-apolated the data obtained from the

sample Companies to 89 projected nuclear power plants by 1976, the data in this

report were extrapolated to:96 planta projected through 1977.

A comparison of the projeCted megawattse of the 96 nuclear plants and the

megawattse of the 41 nuclear plants which comprise the sample is presented in

Table 16. The megawattse of these sample plants represent 42.1% of the total

projected megawattse for all 96 nuclear power plants planned for operation

by 1977. Chart 17 shows the projected accumulated megawattse of all nuclear

power plants planned for operation bY 1977 and the accumulated megawattse of the

nuclear power plants inclUded in the survey sample.

For 1969, 1970, and 1973, the total number of personnel required, by company

activity, by the electric utilities that have or are planning to have nuclear

power plants operating by 1977 is presented in Tables 17, 18, and 19 respectively.
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Percentage increases between July 1969 and December 31, 1973 for the total

number of on-site and off-site personnel are:

Numerical Increase
% Increase Between July 1969 Between July 1969 and

Location of Personnel and PecemberALL 1973 December 31, 1973

On-Site 287.8% 3,629

Off-Site 84.7% 1,176

Off-site personnel represent 52.4% (1,388) of the total personnel currently

employed at electric utilities, but by 1973 off-site personnel will represent

only 34.4% (2,564) of all employees. Although off-site personnel will increase

by 84.7% between July 1969 and December 31, 1973, on-site personnel will increase

at a mudh faster rate (287.8%). These data seem to show that as additional

nuclear power plants are built within a single utility system, the central office

(off-site) personnel are spread over more plants. Obviously, this distribution

of manpower over a number of plants does not occur to tbr same extent for

on-site personnel. In addition, the majority of degreed personnel wofk at

the central office rather than being assigned to work at a plant.

(% of Total.Manpower Reported)
1969 1970 1973

Location of Personnel Degree-Non Degree Degree-Non Degree Degree-Non Degree

On-Site, 19.1% 7- 80.9% 14.7% -- 85.3% ,13.0% 87.0%

Off-Site 76.9% 23.1% 74.7% - 25.3% 76.4% --.23.6%

The'proportion of college degree holders among the central office staff is even

more pronounced if the periodic maintenance function-is excluded. In fact, since

central periodic maintenance organizations have only begun to be set up, almost

all (90.8%) of the central office staff will hold college degrees. Similarly,

if technical services staff were excluded from the on-site classification, very

few on-site people would have college degrees (6.2%).

The consolidation of both on-site and off-site personnel into broad
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Chart 17
COMPARISON OF THE TOTAL ACCUMULATED MEGAWATTS. OF THE CURRENT AND PLANNED FOR NUCLEAR POWER PLANTS BY YEAR

OF OPERATION THROUGH 1977 AND THE ACCUMULATED MEGAWATTS. OF THE ANS SURVErS SAMPLED NUCLEAR POWER PLANTS

BY THE YEAR IN WHICH THEY WILL BEGIN OPERATION.
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ELECTRIC POWER UTILITIES

classifications of scientists, engineers, technicians and others is present:ed

in Table 20. The percent increases, for each classification, between July 1969

and December 31, 1973 are:

Class of Employees
% Increase Between July 1969

and December 31 1973

Numerical Increase
Between July 1969 and

December 31, 1973

Scientists 220.7% 64

Engineers 95.4% 1,221

Technicians 228.2% 938

Others 277.9% 2 582

TOTALS 181.4% 4,805

Although the overall personnel levels at these utilities will grow at a

rate of 181.4% between July 1969 and December 31, 1973, engineering manpower

(nulaerically the largest group in 1969) will grow at a rate (95.4%) less than

all other groups during this time period. It is also interesting to note that

requirements for scientists will increase by 220.7% (although this group is

numerically the smallest). Perhaps the utilities are turning to the scientists

to help them develop programs to overcome the objections now being raised with

regard to ecology.

Table 21 presents data concerning the total number of senior and reactor

operators currently employed and projections of the utilities requirements for

these types for 1970 and 1973. The numher.of senior and reactor operators will

grow at an overall rate of 374.6% between July 1969 and December 31, 1973. By

the end of 1973, reactor operators will represent 69.6% of the total number of

senior and reactor operators. The ratio of reactor operators to senior rsactor

operators (supervisors) is currently 2.6/1 and will be 2.3/1 in 1973.

The total number of currently employed nuclear degreed scientists and

engineers and projections of the utilities' requirementS for these types in

1



Table 20
ELECTRIC POWER UTILITIES

CURRENT (1969) EMPLOYMENT OF SCIENTISTS, ENGINEERS,
TECHNICIANS AND "OTHERS" AND ANS PROJECTIONS OF MAN-

POWER REQUIREMENTS FOR 1970 AND 1973.

(Dora include only perztonnel currently (1969:1 employed and planned far employment in 1970 ond 1973 by electric power utilities that

have or are planning to hove a nuclear power plant(s) in operation hy 1977. Only personnel who have hod or will be required to have

"some" nuclear training are included.)

OCCUPATIONAL CATEGORIES
CURRENT

EMPLOYMENT
1970

INCREASE/
DECREASE

1973
INCREASE/
DECREASE

SCIENTISTS (Includes Mathematicians ) 29 60 +31 93 +33

ENGINEERS 1,280 1,890 +610 2,501 +611

TECHNICIANS 411 909 +498 1349 +440

OTHERS 929 2,272 +1,343 3,511 +1,239

TOTALS 2,649 5,131 +2,482 7,454 +2,323

Table 21

ELECTRIC POWER UTILITIES
CURRENT (1969) EMPLOYMENT OF SENIOR REACTOR OPERATORS AND REACTOR OPERATORS AND ANS PROJECTIONS OF

MANPOWER REQUIREMENTS FOR THESE TYPES FOR 1970 AND 1973 These data ore included in the TECHNICIANS and

OTHERS categor:es of Table 20.

(Data include only personnel currently (1969) employed and planned for employment in 1970 and 1973 by electric power utilities that

hove or are planning to have a nuclear power plant(s) in operation by 1977. Only personnel who have had or will be required te have

"some" nuclear training ore included.)

OCCUPATIONAL CATEGORIES
r"RRENT

EMPLOYMENT

1
I

1970
INCREASE,'
DECREASE 1973 DECREASE

SENIOR REACTOR OPERATORS 50 157 +107 261 +104

REACTOR OPERATORS 131 377 +246 598 +221

TOTALS 181 534 +353 859 +325

Table 22
ELECTRIC POWER UTILITIES

CURRENT (1969) EMPLOYMENT OF NUCLEARDEGREE SCIENTISTS AND ENGINEERS AND ANS PROJECTIONS OF MANPOWER

REQUIREMENTS FOR THESE TYPES FOR 1970 AND 1973 so data are included in the 5 CIENTISTS and ENGINEERS categories

of Table 20.

(Data include only personnel currently (1969) employed and planned for employment in 1970 ond 1973 by electric power utilities that

have or are p(qnning ta hove a nuclear power plant(s) in operation by 1977. Only personnel who have had or will be required to have

"same" nuclear training are included.)

OCCUPATIONAL CATEGORIES
CURRENT

EMPLOYMENT
1970

INCREASE/
DECREASE 1973

INCREASE/
DECREASE

SCIENTISTS 12 35 +23 50 +15

ENGINEERS 167 295 +128 409 +114

TOTALS 179 330 +151 459 +129
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ELECTRIC POWER UTILITIES

1970 and 1973 are presented in Table 22. Enployment of nuclear degreed

personnel will grow at a rate of 156.4% (280) between July 1969 ar necember 31,

1973. By the end of 1973, nuclear engineers will outnunber nuclear scientists

by about 8 to

Table 23 shows the comparison of the nunber of degreed employees for 1969,

1970, and 1973, by level of degree, for both nuclear degreed and degreed (non-

nuclear) personnel. For nuclear degreed personnel, there is an increased emphasis

for BS level individuals (1969 - 44.9%; 1970 - 48.4%; and, 1973 - 53.9%).

Corresponding to this emphasis on BS level nuclear degreed personnel is a slight

de-emphasis on MS level nuclear degreed individuals. This de-emphasis also

occurs for FhD level nuclear degreed individuals.

The average number of personnel for each nuclear plant (96 plants) was

calculated at 77.6 (based on the 1973 employment statistics). Approximately

50.9 employees will work at the plant site while the remaining 26.7 employees

will be centered at the utilities' central offices. Of the almost 78 employees

per plant, 51 will have no degree and 27 will have degrees. As was previously

stated, the vast majority (90%) of the degreed staff will work at the central

office while nearly 94% of the non-degreed staff will work at the plant sitp.

Annual incremental requirements for nuclear degree&personnel to fill new

positions will be:

Year

Annual Incremental Requirements for Nuclear Degreed
Personnel to Fill.New Positions
Scientists' Engineers

1969 (6 mo.) 7 43

1970 16 85

1971 5 38

1972 5 38

1973 5 38



Table 23
ELECTRIC POWER UTILITIES

BREAKDOWN OF NUCLEAR-DEGREE AND DEGREE (NON-NUCLEAR) PERSONNEL CURRENTLY (1969) EMPLOYED AND PLANNED
FOR EMPLOYMENT IN 1970 AND 1973, BY LEVEL OF DEGREE Data de not include degree Mathematicians.
(Data include only personnel currently (1969) employed and planned for employment in 1970 and 1973 by electric power utilities that hove
or are planning to have a nuclear power plant(s) in operation by 1977. Only personnel who have had or will be required to have "some"
nuclear training are inckded.)

LEVEL OF DEGREE TOTAL NUCLEAR
DECREED = 179 % OF TOTA L. TOTAL NON-NUCLEAR

DEGREED = 1,130 -% OF TGTAL

BS 80 44.9% 1,013

MS 91 50.6% 115 10.2%

PhD 8 4.5% 2 0.2%

1970

Lk:NIEL OF DEGREE TOTAL NUCLEAR
DEGREED = 7:30

% OF TOTAL TOTAL NON-NUCLEAR
DEGREED = 1,620 % OF TOTAL

IBS 160 48-4% 1,466 90.5%

MS 160 48.4% 150 9.3%

PhD 10 3.2% 4 0.2% 1

1973

LEVEL OF DEGREE TOTAL NUCLEAR
DEGREED= 458 % OF TOTAL TOTAL NON-NUCLEAR

DEGREED = 2 136,
% OF TOTAL

BS 247 53.9%. 1,935 90.6%

MS 198 43.2% 199 9.3%

PhD 13 2.9% 2 0.1%



ELECTRIC POWER UTILITIES

In addition to the electric utilitieo' ift.;,r nuclear degreed scientists and

engineers to fill new positions, allowances for attrition must also be included

to arrive at the total technical manpower requirements of the electric utilities

for nuclear degreed personnel. (Allowances for attrition are the same as.'those

previously used in this report: 8.4% for scientists and 7.6% for engineers.)

Year
Nuclear Scientists

Total
Nucleaz Eugtvers

TotalGrowth Replacements Growth Replacements

1969- 7 1 8 43 13 56
(6 Mo.)
1970 16 3 19 85 22 107

1971 5 3 8 38 25 63

1972 5 3 8 38 28 66

1973 5 4 9 38 31 69

TOTALS 38 14 52 242 119 361

Average
Annual 8.4 3.1 11.5 53.8 26.4 80.2
Incremental
Requirements
(41/2 years)

Between July 1969 and December 31, 1973, the total requirements of the

electric utilities for nuclear degreed scientists and engineers are 52 and 361

respectively. For every nuclear scientist hired by the utilities, about 7

nuclear engineers will be hired.

SUMMATION OF IN-DEPTH INTERVIEWS

In addition to updating the statistical data provided by the Rossin-Voigt

study, the present study incorporated in-depth interviews with a representative

sample of L.S. utilities. These utilities will have a total of 29 operating

nuclear power plants I* 1977 at.a combined total megawattagee of 21,862 (30.7%

of the total megawattse for all U.S. nuclear power plants planned for operation

by 1977): The average plant size of the interviewed utilities is 754 megawattse.



ELECTRIC POWER UTILITIES

A nvmber of factors are utilized by the electric utilities to arrive at

estimates of their technical manpower requirements. However, most of the

utilities placed emphasis on what the "state of the art" of the electric utility

industry will be in the future. For example, what are the possible new modes of

electric power generation? What are the economic and esthetic considerations?

With regard to the evaluation of the "state of the art," they feel that the

current slowdown in orders for nuclear power plants reflects the utilities'

"wait-and-see" attitude on the performance, economics, and social considerations

of nuclear power plants now being built or in operation.

When hiring a scientist or engineer in general, the majority of the

interviewed companies indicated that *.be primary employment qualification is

a combination of the extent of educatimn and experience. More specifically,

when the utilities hire technical personnel to fill their short-range manpower

requirements, they hire exactly what they need at the present time. In this

instance, emphasis is 1,1ced on the candidate's experience in the electrir

power industry or a closely related inuuatry as he will be requirea to

immediately assume a responsible position without a significant amoun,_ of

supervision or training. However, when the utilities hire personnel to fill

their long-range manpower requirements, the companies tend to hire a man for

his potential usefulness: As a result, level of degree, age, etc. become

important employment factors.

Over 50% the int-:viewed companies have experienced some difficulty

in hiring degreee (non-nuclear) scientists and engineers during the past five

years. This difficulty is especially acute with regard to mechanical engineers

and engineers capable of assuming quality control responsibilities. All

companies feel that the present manpower market is extremely tight for

engineering types and they foresee no let-up in the near future, especially in

-169.-
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ELECTRIC POWER UTILITIES

view of decreasing engineering enrollments.

All interviewed companies believe their degreed (non-nuclear) teChnical

staff can adequately adapt to and function in nuclear power plant technology

because nearly 90% of nuclear power plant operations consist of conventional

components which do not require the technical sophistication of nuclear engineers.

Although the utilities indicated they would like their degreed individuals to

have some nuclear training, they prefer to have their engineers take short

or semester courses in nuclear technology after they have worked at the utility

for a period of time. Some of the nuclear courses they wo.Alc,' like their degreed

(non-nuclear) engineers to be exposed to are:

1. Radiation shielding

2. Reactor materials

3. Radiochemistry

4. Health physics

5. Fuel cycle management

6. Radiation safety

7. Radioactive waste disposal

Furthe-more, the electric utilities would like to see the universities incor-

porate some of these nuclear, courses in their engineering curriculum, but not

at the expense of eliminating or de-emphasizing the basic engineering courses.

In other words, the utilities would encourage'the educational institutions to

keep their engineering,programs nup-4o-date" with some-coverage cf the:new

technological advances while maint!'ining their emphasis on the classical

engineering concepts.

The utilities also believe it unfortunate that th,,tre ars only a few graduate

courses in eng-Ineering which are specifically geared to the p7.7.er industry. This

is especially true in electrical engineering where tht% ernp is placed on

150
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ELECTRIC POWER UTILITIES

electronics rather than rotating machinery. With regard to chemical engineering,

they would like the universities to include environmental considerations in

their curriculums.

The primary emple-rment qualification the utilities consider when hiring a

nuclear degreed scientist or engineer is the extent of the candidate's previous

nuclear training or experience. They hire these specialists not only to broaden

their nuclear expertise in view of the increasing complexity of AEC regulatory

ri-quirements but also to use the nuclear engineer as a training vehicle for the

:est of the technical staff.

Sixty percent of the interviewed companies indicated, at the time of the

interview, that they have been successful in filling their needs for nuclear

degreed personnel. Their success was attributed to the utilities' decision to

pay higher salaries for nuclear degreed individuals than they would normally pav

for equivalent degreed (nor-nuclear) personnel. Furthermore, because these

utilities have or are in the process of building a nuclear power plant, it seems

they ara able to attract nuclear degreed individuals more readily than utilities

which are only in the planning stages. It was also obvious that the utilities

which are experiencing some difficulty in filling their needs for nuclear

engineer's are still operating under the belief that "there are a lot of people

who will accept a salary of $25,060 but have only $10,000 worth of experience."

Another important factor which has contributed to the sccess of these

utilities in hiring nuclear degreed individuals is that these companies have

established, through thcir professional recruitors, good rapport with the nuclear

sLience and engineering faculty. It was also irteresting tc note that each

utility has its own 4 or 5 "pet" schools to which they go when they need to hire

a nuclear engineer. Although these "pet" seaools are normally in the so-z

geographical area aa the utility, there are 3 or 4 sc" ools which most utilities



ELECTRIC POWER UTILITIES

contact for nuclear engineering students outside their geographical location.

The interviewed utilities have increased their need for nuclear degreed

personnel during the past five years primarily because of: 1) new nuclear

power plant construction; 2) the complexity of AEC licensing requirements;

and, 3) an increased awareness of the technical benefits derived from nuclear

engineers. The utilities are bc::oming increasingly aware of the fact that

nuclear degreed individuals ar e. generally able to add significantly to the

utilities expertise and, as a result, they believe that the nuclear engineer

is coming into his own!

In evaluating the applicability of nuclear engineers to the technical

requirements of the utility industry, the companies generally feel that

although the nuclear engineer is technically capable, the utilities are still

required to train theFe individuals in the basics of operating an electric

utility. There was some criticism of the nuclear engineer as generally being

too theoretically oriented and not grounded in the fundamental aspects of

applied engineering. In this regard, the utilities favor the hiring of nuclear

engineers from schools which have a training reactor.

Some of the suggestions offered in reaponse to an evaluation of the

training received by nuclear engineers were: 1) nuclear engineers should

receive more course work relating to quality control and quelity assurances

and 2) at the bachelor's level the nuclear engineer seems to be.weak in fluids,

heat transfer, and strength of materials technologies.

When hiring technicians, the utilities generally look at the candidate's

potential usefulness. They are primarily interested in the high school graduate

who has had some science coursework.

Approximately two-thirds of these companies have experienced various degrees

of difficuly in attracting qualified technician-level personnel. To overcome

-.1727
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ELECTRIC POWER UTILITIES

this shortage, most of the utilities have incorporated "in-house" training

programs.

One of the major problems facing the utilities with regard to.the hiring

of technicians is the wage and hourly union agreements which have limited their

ability to hire experienced and skilled teChnicians. This has also contributed

their development of "in-house" training programs for tenicians.

Some of the nuclear related courses.tho utilities deem important for their

technicians are:

1. Waste disposal

2. Reactor Instrumentation

j. Radiochemistry

4. Health physics

None of the interviewed companies were nnduly concerned with filling

their needs for nuclear reactor operators because they place the primary

responsibility for the training of these individuals with their reactor vendor.

Perhaps the most interesting statement made by one of .the interviewed

companies regarding the difficulty they are having in hiring degreed people

was that the utilities must help to create a better image of their industzy

at the universities by making the faculty and students more aware of the

problems facing the utilities. It is believed that this would stimull

students to pursue a career with the electric power utilities.



TECHNICAL NINFOWER REMIP.EIRTS OF 1HF FrirATIONIL N71111110P'.3

SUMMARY OF FINDINGS

The study involved two separate surveys. The "first" survey was conducted in

December, 1967 and included completed questionnaires from 183 schools. Because

there was a long delay between the completion of the university survey and the

surveys concerned with the manpower requirements of private industry and electric

utilities, another study was made with a sample of 25 universities that had par-

tl.zipated in the "first" survey. The purpose of the "second" survey was to update

the data providzd by the 183 schools in the "fir survey.

Same of the significant results of the comparison of the data reported by the

18 samp1e sehools in the "first" survel- and What they reported in the "second"

survey are:

1. The "second" survey showed a 5.7% increase In the currently employed staff, no

Change in stsf'requirements for 1970 and a 5.0% increase in the technical

manpower requirements for 1973.

2. For currently employed part-time R & D personnel, the "secor' ,eport showed

an increase of 34.22 oVerfAlat the sample schools reported in the "fir

survey. Pile "second" survey also showed a 15.3% and 34.6% increase in

requirements for part-time R & D personnel in 1970 and 1973 respectively.

3. Data reported in the "second" survey, as compared to Vhat was reported in

the "firse'sUrvey'bY the 18 sampae schools, indicated a decrease in full-

time nuclear facilities staff by 5.8% (current), 12.8% (1970, and 9.3% (1971).

The data reported in the "second" survey by the sample schools was extrapolated

by the American Nuclear Society to the 183 schools that replied to the "first"

survey. Some of the results of the extrapolatwl data waraz

1. The rate of growth at the educational institutions of 34.4% between Jul 1969

and December 31, 1973.

1J/1 -174-



EDUCATIONAL INSTITUTIONS
MANPOWER REQUIREMENTS

2. A greater emphasis. percentagewise, on teaching and research and development

acs..ivities associated with nuclear and reactor engineering, health physics,

radiation applications, and radiation biology.

2. The number of reactor supervisc,rs will be decreased by 10% of their current

level.

4. An increase, percentagewise, in the hiring of BSts for R & D and nuclear

facilities activities.

5. Between July 1969 and December 31, 1973, the total demand (growth and re-

placements) for nuch.,:ar degreed scientists and engineers by the educatfronal

institutions is 1,392 and 408 respectively.

6. The average annual incremental need for nuclear degreed scientists is 309.3;

for nuclear degreed engineers, 90.7.

COMPARISON OF THE DATA PROVIDED BY THE SAMPLE sairms FOR POTH THE °FIRST° AND

"sum" SURVEYS

OE the 269 colleges and univeraitiea contacted in December 1967, 183 schools

returned completed questionnaires (68.0%)., necause the university survey was to

be incorporated in the overall survey of technical manpower require -Its of the

atomic energy field And, because the other elements7Of the overall survey, namely,

the in-depth interViews With private industry and the electrit-POwer utility

survey Were delayed in their completida, another survey of the educational,

inatitutions wee Undertaken to Update the data. The Updated survey consisted of

sending to a sample of twenty-five (25) schools, the questionnaire they had com-

pleted in the "first" survey. These sample universities were asked to review their

previous estimates in light of the current situation at their school and make

corrections 1.11 their estimates if they felt their first estimates were no longer

representative.

195 -175-



EDUCATIONAL INSTITUTIONS -
MANPOWER REOUIrEMENTS

The updated survey, (hereafter known as the "second" survey), which was

conducted during the mbnths of July and August 1969, involved a select sample of

25 universities. Eighteen of these 25 schools responded to the "second" survey.

Of these 18 sdhools, 4 schools reported no am in their manpower requirements

and student enrollments given in the "first" survey. The remaining 14 schools

revised their initial estimates.

The total number of current and planned for staff reported by the 18 sample

schools in the "first" survey represented 34.2% of the total currently emp1cy,:-1

staff reported by the entire 183 schocls in the "firl,t" survey, 37.2% of the

total estimated staff in 1970 and 36.9% of the total estimated staff in 1973.

(Refer to Table 24 for a comparison of the data reported by the 18 sample schools

in the "first" and "second" surveys.)

Comparisor of these data show the sample schools reporting in the "second"

survey increased the number of currently employed staff by 5.7% over what they had

reported in the "first" survey. Their estimates of staff requirements for 1970

rematned the same between the "first" and "second" surveys. However, In the

"second" survey, the sample schools reported a 5.0% increase in their estimates of

staff requirements for 1973 over what they had reported in the "first" survey.

In the "second" survey, the data reported by the sample schools showed, in

five of the six activities listed in the questionnaire (faculty, full and part-

time; research and development personnel full and part-time; and, nuclear facilities

personnel, full and part-time), a numerical increase in the number of currently

employed personnel over what they reported in the "first" survey. The largest

percentage increase occurred in the area of part-time research and development

personnel (34.2%). The only decrease occurred in the area of full-time nuclear

facilities personnel (5.8%).
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EDUCATIONAL INSTITUTIONS
MANPOWER REQUIREMENTS

Although the total 1970 staff requirements estimated by the sample schools

were the same for both the "first" and "second" surveys, specific requirements for

part-time research and development personnel were increased by 15.3% in the

"second" survey, while full-time nuclear facilities .personnel requil-ements were

decreased by 12.8% in the "second" survey.

Total staff requirements estimated by the sample schools for 1973 showed an

increase of 78 employees in the "second" survey, the largest percent increase

was for part-time research and development personnel (34.6%). The data reported

by the sample schools in the "second" survey also showed a decrease in full-time

nuclear facilities personnel (9.3%) over what they reported in the "first" survey.

An analysis of the data reported by the sample schools in the "second" survey

over what they reported in the "first" survey indicates a decline in requirements

for full-time nuclear facilities staff. This reduction may very well reflect the

anticipated reduction of government funds for support of university research reactors.

Another significant finding was an increase in the "second" survey of staff

mquirements for research and development activities. The increase was particularly

evident for part-time research and development personnel, and this increase may

reflect the universities' interim concern over possible reductions in government-

sponsored fellowships, scholarships, etc 'To financially assist those students

who will be affected by reductions in fellowships etc., the schools may be planning

to employ, on a part-time basis, a larger number of these students in research

activities that have already been funded. Or, in view of decreasing R & D funds,

it may be that the universities are planning to economize their operations by

reducing their full-time technician staff while substituting their students for

technician-related R & D work.



EDUCATIONAL INSTITUTIONS
MANPOWER REQUIREMENTS

REQUIREMENTS FOR FACULTY. RESEARCH AND DEVELOPMENT. AND NUCLEAR FACILITIES

TECHNICAL PERSONNEL

Data reported for the "second" survey by the sample sdhools were extrapolated

to the 183 sdhools replying to the "f!xst" survey. Extrapolations from the sample

sdhools to the 183 schools were made only for the totals of eadh of the six work

activities. For example:

Full-Time Currently Employed R & D Personnel (183 schools - "first" survey) =842

Full-Time Currently Employed R & D Personnel (18 sample sdhools - "first" survey) =352

Full-Time Currently Employed R & D Personnel (18 sample schools - "second" survey) =371

352 371
= 887

842 X

Within each work activity, the American Nt:k:In&r. Society extrapolated total was

then broken down into the various disciplinet or employment titles, ry level of

degree, using the percent distribution of the data reported by the 183 schools in

the "first" survey.

The final data represent the requirements of 183 schools and not the require-

ments of the universe of 269 colleges and universities. The sample schools' data

were not extrapolated to the entire universe of 269 schools because, after reviewing

the 86 non-respondent schools and noting that they were generally small liberal

arts institutions with no graduate programs and especially no nuclear science and

engineering programs, it was felt that the 183 surveyed schools represented More

than 90% of the educational requirements for personnel whi: work in the atomic

energy activities. It was also'felt that the student enrollments in nudlear science

and engineering at the 183 Schools represent upWardS of 95% of the total students

enrolled in courseN4ork leading to degrees in nuclear science and engineering. Ii

was deCided, therefore, to present data for only. the 183 sdhools as it would be

more representative of what is really happening in the educational community,

199



EDUCATIONAL INSTITUTIONS -
MANPOWER REQUIREMENTS

Data representing the number of faculty, by level of degree and discipline,

currently employed and planned for teaching in the atomic energy field were

obtained from the extrapolation by the American Nuclear Society of the sampla

survey to the 133 schools. (Refer to Table 25.)- This Table includes the total

number of currently employed full-time faculty and 50% of the reported 424 part-

time faculty. For 1970 and 1973, respectively, Table 25 also includes 50% of

the reported 435 and 489 planned for part-time teaching faculty.

Percentage increases between the nunber of currently employed faculty,

teaChing a specific nuclear science and enzineering discipline, and the total

number that will be required to teach each discipliae in 1973 are:

% Increase in Faculty Number of Faculty
Nuclear Science and Required Between Required Between

Engineering Discipline July 1969 and Dec. 31, 1973 July 1969 and Dec. 14 1973

Thermonuclear Physics 120.7% 35

Other Nuclear Engineers 59.8% 61

Health Physics 46.9% 23

Radiation Application 4k5% 27

High Energy Physics 36.5% 91

Reactor Engineering 31.9% 44

Nuclear and Radiation Chemistry 27.1% 26

Radiation Biology 26.3% 26

Nuclearphysics 26.2% 118

Although faculty teaching nuclear physics are numerically the largeat group

reported, the trend,,percentagewise,, seems to be for More emphasis on the nuclear

science and engineering disciplines. It is perhaps significant that 3 of the 4

disciplines that have the largest percent increases in faculty requirements between

July 1969 and December 31, 1973 are more concernec1with the applied engineering and

1
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EDUCATIONAL INSTITUTIONS
MANPOWER REQUIREMENTS

operational aspects of the atomic energy field rather than the basic research

disciplines of nuclear physics, high energy physics, etc.

The extremely large percent increase in faculty teaching thermonuclear physics

could be attributed not only to the fact that the numbers are relatively small but

also to an anticipation of increased government activity in the development of

nuclear power by fusion reactions.

As would be expected, the vast majority of the faculty have or will be

required to have PhD degrees 91.8% (current), 93.1% (1970) and 94.1% (1973) .

It is interesting to note, howerer, that by 1973 approximately 18.1% of the faculty

teaching health physics, 12.1% teaching reactor engineering, and 10.9% teaching

radiaticn applications will have only MS degrees. These percentages are well above

the overall percentage of faculty with MS degrees 7.0% (current), 6.1% (1970),

and 4.9% (1973)

Data for the 183 schools representing the number of R & D personnel currently

employed, by level of degree and discipline being researched, and planned for

employment:in 1970 and 1973 is presented in Table 26. This Table includes the

total number of full-time R & D personnel ld 50% of the. reported 539 currently

26 also includes for 1970 and 1973,

respectively, 50% of the reported 538 an 706 planned'for part-time R & D personnel.

The percent increases between the n_imber of currently amployed R & D

perSonnel, by the nUclear science and engineering discipline being researched,

and the total number required by December 31 1973 are:

% Increase in R,&.D. Personnel Number of R & D'Personnel-
Required Between :Required Between

Engineering Discipline July 1969 and Dec. 314 1973 JUly 1969 and Dec. 31, 1973

employed part=time R & p personnel. Tabl

Nuclear Science and

ThermonuClear Physics

Radiatitin,BidlOgy

Health PhySies-

194.1% 33

43

58.1% 18

-182-
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% Increase in R & D Personnel NuMber of R. & D Personnel

Nuclear Science and Required Between Required Between

Etlit-leer July 1969 and Dec. 31, 1973 July 1969 and Dec. 31, 1973

Radiation Applications 56.8% 42

Other Nuclear Engineering 52.8% 47

Reactor Engineering 43.4% 23

Nuclear Physics 39.9% 119

Nuclear & Radiation Chemistry 11.3% 10

High Energy Physics 10.2% 45

Although the combined number of R & D personnel working in the areas of high

energy physics avd nuclear physics rirc, numericalTy the largest disc:Iplines in

relation to the other disciplines 63.3% (current), 58.7% (1970), and 58.7% (1973,

both rahk in the bottom third of the disciplines listed by the percent increase in

R & D personnel between July 1969 and December 31, 1973. In fact, R & D personnel

working in high energy physics research acteally declined from current employment

to anticipated employment' in 1970 by 12.7%. .This decrease in high energy physics

R & D personnel occurred primarily at the technician level.

It is evident, that although research and_develppment efforts will continue

te be heavily cencentrated in thefareas Of nuclear physics, and high:energy physics,

the Uiliversities seeihto antiCipate increased research and deVeloOMent projects

;

1.tv other nuclear science and engineering diaciplinea. With:the peblies concern
, .

now being expressed over radiation safety, thermolpollution and ecology, it is

interesting to note that the Schools are responding,by building up their research

capacity and CaPability in .radiation biolOgY and liealth physics:
. _

Percentage inCreases'in the number Of-PhDt , MS's, 113/n, and technicians

currently emplosd and planned for employment by December 31 1973 in R & D

activities are:

-133

203.
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EDUCATIONAL INSTITUTIONS -
MANPOWER REQUIREMENTS

Level of De ree

% Increase 13:7 R & D PersJnnel Numerical Increase in R & D

Required Between Personnel Required Between
_july 1S69 and Dec. 31,1_117a July 1969 and Dec. 31 1973

PhD's 51.8% 200

MS's 18.3% 28

BS's 70.6% 89

Technicis 12.8% 63

It is interesting to see how the universities retain their PhD personnel

when government research funds are cutback. The PhD's are retained, apparently,

at the expense of full-time R & D technicians who can be easily replaced by

graduate students at considerably less operating expense to the schools.

Data for the 183 schools representing the number of nuclear facilities

personnel currently employed and planned for employment in 1970 and 1973 by

level of degree and employment title, are presented in Table 27. This Table

includes the total number of full-time nuclear facilities personnel and 50% of

the reported 172 currently employed part-time nuclear facilities personnel.

The Table also includes, for 1970 and 1973 respectively, 50% of the reported

191 and 235 planned for part-time nuclear facilities personnel.

Percentage increases between the number of nuclear facilities perSonnel

currently employed and planned for employment in 1973 by employment title, are:

% Increase in Nuclear
Facilities Personnel
Required Between

RIFISOMTLIkIt.
July 1969.and Dec. 31%_ 1973

Numerical Increase in Nuclear
Facilities Personnel
Required Between

July 1969 and Dec. 31, 1973

Accelerator Operators 56.1% 55

Reactor Operators 46.3% 44

Radiation Safety Officers 34.5% 30

Accelerator Supervisors 27.1% 13

Reactor Supervisors -10.0% -5
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EDUCATIONAL INSTITUTIONS -
MANPOWER REQUIREMENTS

Not only are accelerator and reactor operaors numerically the largest groups

reported but they also rank first and second in the percent increase between

July 1969 and December 31, 1973. Of the 99 individuals that will be hired to

fill new positions as either accelerator or reactor operators, 57.6% will be

teChnician-level personnel.

Reactor supervisory personnel will decrease by 10% between 1969 and 1973.

These reductions will only occur with degreed personnel (1 PhD and 10 MS's),

Employment of BS degree holders will increase by 60% (6) in reactor supervisory

roles while technician level personnel will remain the same.

There will be a net increase of 13 accelerator supervisors between July 1969

and December 31, 1973. Twelve new positions will open for degreed personnel

(4 PhD's and 8 MS's); 2 BS degreed individuals currently employed as reactor

supervisors will be lost resulting in a net gain of 10 new accelerator super-

visory,positions.

Half of the projected 30 new radiation safety officer (health physicists)

positions will be filled by degreed personnel. Although 3 PhD's will be lost,

2 MS's, and 16 BS's will be hired resulting in a net gain pf 15 degreed radiation

safety officers. The remaining 15 new positions will be filled by technician-level

personnel.

Percentage increases in the number of PhD's MS's, BS and technicians

currently employed and planned for employment in 1973 in nuclear facilities

activities are:
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EDUCATIONAL INSTITUTIONS
MANPOWER RE(UIREMENTS

Level of Degree

% Increase
Facilities
ReqUired

July 1969.and

in Nuclear
personnel
Between
Dec. 31. 1973

Numerican Increase in Nuclear
Facilities Personnel
Required Between

July 1969 and Dec. 31 1973

PhD's 12.8% 5

MS's 30.9% 25

BS's 38.1% 32

TeChnicians 43.1% 75

Data concerning the Universities' requirements for reactor operators and

supervisors seems to be inconsistent (increasing otierators and decwasing

supervisors). In 1969, for example, the ratio of reactor operators to super-

visors was 11911 while the projeCted ratio for 1973 is 3.1/1. A possible

explanation for inconsistency is that the schools are attempting to readjust

their operating budgets in anticipation of reduCed government support of research

reactors. In effect, by reduding their suPervisory personnel, they are reducing

their direct costs.

To arrive at the total technical manpower requirements of the educational

institutions active in the atomic energy field, it was assumed that all new

faculty, researCh and development, and nuclear faCilities personnel positions

that reqUired degreed individUala woUld be filled with nuclear degreed ecientists

and engineers. It'Was alspaSsuMed that not only will all growth-related

pOSItions be filled with nuclear-degreed pasonnellmit also all replacement

p9sitiOns.

The cverell-'growth in technical:Manpower requirements of the 183 surveyed

school6 during the period extending from July 1969 through December 31, 1973 was

calculated to be 34.4% or a total of 968 new tedheical positions.

Percentage increase in the number of scientists engineers and technicians

that will be required between July 1969 and December 31, 1973 are:



Categories of
Technical Personnel

EDUCATIONAL INSTI11JTIONS
MANPNER REQUIRMENTS

% Increase in Technical Numerical Increase in Technical
Manpower Requirements Between Manpower Requirements Between
_ally_1969 and Dec. 31, 1973 July 1969 and Dec. 31, 1973

Engineers 43.2% 205

Scientists 37.4% 625

TeChnicians 20.7% 138

Although the requirements for scientists are numerically larger, the requirements

for engineers ha7e the largest percentage increase. The fact that the educational

institutions are increasing their engineering staff at a rate greater than that for

scientists may be due to an increased awareness of industry's perference. for

graduates trained in engineering rather than in science disciplines.

The percent increase in the total staff requirements, by level of degree,

between July 1969 and December 31, 1973 are:

I.A2.T.L.c2WIerse

% Increase in Technical
illanpower Requirements Between-
Juiy 1969 and.:Dec. .31LLIE1

Numerical Increase ?In TeChnical
Manpower Requirements Between
JulY 1969 and Dec. 31, 1973

PhD's 41.3% 659

.Tonts 14.9% 48

54.4% 123

TechniCians 20./7 138

These data again point out the continuing emphasis on hiring PhD's, especially

for'faculty positions and an increased emphasis on hiring BS's for Work in R &

and nuclear facilities activities.
. . .

When Consider.ing.:thebie*kdown OVthe edUCatiOnanatitUtiona staff

requirsments by'workactivity the:.folloWing Pereent increaSea were:CalCulated

for ,the time period ektending from July 1969 through DeceMber 31, 1973:



EDUCATIONAL INSTITUTIONS
MANP(P1ER REQUIREMENTS

Increase in Technical Numerical Increase in Technical
Manpower Requirements Between Manpower Requirements Between

Work Activity July 1969 and Dec. 31, 1973 July 1969 and Dec. 31 1973

Nuclear Facilities
Personnel 36.2%

Faculty 35.3%

R & D Personnel 32.8%

137

451

380

A graphical representation of the overall technical manpower growth of the

educational institutions by work activity is presented in Chart 18.

If all new non technician-level positions are filled with nuclear degreed

scientists and engineers, the annual incremental needs will be:

Year

1969 (6 mo.)

1970

1971

1972

1973

Annual Incremental Requirements for Nuclear Degreed
Personnel to Fill New Positions

EngineersScientists

61

124

146

147

27

41

41

147 41

:In addition to theedUcationtiVinstitutiOns requirements for nudlear

allowances fOr at xindegreed sCientists and-engineers to fill new positions

Muat also be included tu.Srrive-at the total technical manpower requirem

the universities. .(Allowances'for Attrition are the same as those used previously

in tis report 8.4Z for ecientiatn; 7.-6% for . engineers4 and 11.07 ._for technicians.)
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Chart 18
COMPARISON OF THE CURRENT (1969) AND PLANNED FOR (19701973) EDUCATIONAL INSTri UT1ONS NUCLEAR SCIENCE

AND ENGINEERING FACULTY, RESEARCH AND DEVELOPMENT PERSONNEL AND NUCLEAR FACILITIES PERSONNEL
Includes full-rime STAFF and SO% of the reportod part.time STAFF.

4,000

3,600

3,200

2,800

0
re

2,400

2,000

(Data include only fcmulty, research and development personnel ond
nuclear facilities Personnel frcm schools which completed the survey
'questionnaire and which offer degrees and/or courses in nuclear
science and engineering.) TOTAL

NS & E Faculty

NS&E R&D Staff

800

Nuclear Facilities Staff

YEAR



EDUCATIONAL
MANPOWER

Year

INSTITUTIONS -
REQUIREMMTS

Nuclear Scientists Nuclear Engineers
Total

Technicians
TotalGrowth Replacement Total Growth Replacement Growth Replacement

1969
(6 mo.) 61 70 131 27 18 45 -3 37 34

1970 124 156 280 55 42 97 6 61 55

1971 146 168 314 41 45 86 49 65 114

1972 147 180 327 41 48 89 49 70 119

1973 147 193 340 41 52 93 49, 75 124

TOTALS 625 767 1,392 205 205 410 ri8 308 446

Average Annual
Incremental 138.9 170.4 3059.3 45.1 45.6 91.1 30.7 68.4 99.1
Requirements
(411 years)

Between July 1969 and December 31, 1973, the total demand by the educational

institutions for nuclear degreed scientists and engineers, is 4392 and 410

respectively. For every nuclear engineer required by the educational institutions,

about 3.4 nuclear scientists *ell be needed.



CUPRFNT AT PROJECTED SUPPLY OF WIDIR DR;REED SCIEMTISTS AND FNGINEFFS

)AIRIpN cf THE DATA PROVIDED BY THE SAMPLE SCHOOLS FOR BOTH THE "FIRST" AND

)0ND SURVEYS

As has been previously described, a "second" survey to bring the data up-

late was conducted with a sample of 25 universities that had participated in

"first" survey.. Eighteen of these schools replied to the "second" survey. Foltr

the reporting schools indicated no changein their estimates of student enrollments

luclear science and engineering. The remaining 14 schools revised the estimates

r had given in the "first" survey.

The total number of current and planned for student enrollments 4n coursework

iing to degrees in nuclear science or engineering that were reported by the

schools in the "first" survey represented 34.3% of the total current student

aliments reported by the 183 schools, 366% for'1970 and 42.8% for 1973.

fer to Table 24 for a comparison of the data reported by the sample schools for

i the "first" and "second" surveys.)

Comparison of the student enrollment data shows that the sample schools

reased their current student enrollment figures by 4.7% in the "second" survey

r what they had'reported in the "first" survey. In addition, the sample schools

the "second" survey, decreased the student enrollment estimates they gave in the

rst" report by. 6.8% and 3.7% for 1970 and 1973 respectively.

MATES OF STUDENT ENROLLMENTS IN COURSEWORK LEADING TO DEGREES IN NUCLEAR
ENCE OR ENGINEERING

Data reported by the sample sthools in: the "second" survey were extrapolated

the American Nuclear Society to the 183 Schools replying to the "first" survey.

rapolations were only made for the total enrollments for each time period

rrenk, 1970, and 1973). For example.:



EDUCATIONAL INSTITUTIONS
MANPOWER SUPPLY

Number of Students Currently Enrolled (183 schools - "first" report) = 4,422

Number of Students Currently Enrolled (18 sample sthools - "first" report) = 1,519

NuMber of Students Currently Enrolled (18 sample set-tools - "second" report) = 1,591

12519 12591-- -.-
4,422 X

= 4,632

The extrapolated tote_ were then broken down into the 9 nuclear science and

engineering disciplincs listed in the questionnaire using the percent distribution

of the data initially reported by the 183 schools. The resultant data are presented

in Table 28.

The data show that between June 1969 and December 31, 1973, student enrollments

in nuclear science and engineering will increase by 52.7% (2,443). The breakdown

of the percent increases between current enrollments and estimated enrollment in

1973 by nuclear science and engineering discipline are:

% Increase in Student
Nuclear Setence and Enrollments Between
Engng. Discipline July 1969 and Dec.31, 1973

Numerical Increase in Student
Enrollments Between

July 1969 and Dec. 31, 1973

Radiation Biology 93.6% 147

Thermonuclear Physics 76.1% 67

.Nuclear and Radiation Chemistry 65.0% 184

Reactor Engineering 37 56(1

Other Nuclear Engineering- -50.7% 526

Nuclear Physics 47.3% 620

High Energy Physic's 47.1% 229

Radiation. Application 40.9% 74

Health Physics 30.07 36

Although student enrollments in nuclear physics show the largest numerical increase,

it ranks only sixth in percentage increase. The significance of the data lies in

the large increasei.both numerically and percentagewise, in student enrollments

in nuclear and reactor:engineering disciplines'.
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FJDUCATIONAL INSTITUTIONS -
MANPCWER SUPPLY

Percentage increases in student enrollments by level m degree being sought are:

% Increase in Student Numerical Increase in Student
Enrollments Between Enrollments Between

Level of Degree July 1969 and Dec. 31, 1973 July 1969 and Dec. 31, 1973

PhD's 52.9% 1,005

MS's 46.2% 541

BS's 57.4% 897

Although the schools will continue to

apparently planring to build up their

the BS level.

place emphasis on PhD candidates they are

nuclear science and engineering programs at

ESTIMATES OF THE ANNUAL SUPPLY-OF GRADUPTED NUCLEAR SCIENTISTS AND FM:INFERS

WHO WILL ENTER THE WORK FORCE

In order to translate

disciplines into estimates

student enrollments in nuclear science and engineering

of the annual supply of nuclear scienrr. ,nd engineering

graduates Who Will be evailable for employment in the atomic eneru feld, a

telephone survey was conducted by the American Nuclear Society during the week

of YebrUery 2, 1970. Eighteen major nuelear science end engineering degree

grantinvUniversities Were. cOntaated. The telephone: surveY consisted of the Same

four questiOns 'for each level:.Ofdegree The data requeeted wag limited to the

19681969 academia year. The:questions asked And the date c011eated froM the

18 schools were:

were enrolled in courSewOrk leading to a degree in

nuclear sdienceor engineering?;

Level of Degree StUdent Enrollments



EDACATIONAL INSTITUTIONS -
MANPOWER SUPPLY

2) How many students were conferred degrees in nuclear science or engineering?

Levnl of Degree NuMber of Desrees Conferred

PhD's

MS's 184

SS's 88

TOTAL 369

3) How many students who receive a degree in nuclear science or engineering

enrolled in coursework leading to an advanced degree in nuclear science or

engineering or, in the case of graduating PhD's, to post-graduate study?

NuMber Enrolled in Advanced Nuclear
Level of Desree Conferred Science_ar_Enslateak&asree Prostnns

PhD's 5

MS's

BS's

63

23

TOTAL 91

4) Approximately how many graduating Auclear science and engineering students

were drafted or voluntarily joined the military service?

Number Drafted or Voluntarily
Level of Degree CAnferred Joinectthe Military

PhD's 1

MS's 28

BS 13

TOTAL 42

From these data, the following peTcentagzs were calculated:

1) Percentage of graduating nuclear science and engineering students to the

total number of students enrolled by level of degree.

Level of Degree % of Graduates to Total Student Enrollments

27.5%PhD
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Level of Degree_ 7 of Graduates to Total Student Enrollments

MS's 45.4%

BS's 16.2%

2) Percentage of the total number of graduating nuclear science and engineering

students who enrolled in advanced nuclear science or engineering degree

programs.
% of Graduates Entering Advanced

Level of Degree Degree Programs

PhD's 5.2% (Post-graduate)

MS's 34.2%

BS's 26.1%

3) Percentage of the total number of graduating nuclear science and

engineering students who were drafted or voluntarily joined the

military service.

% of Graduates Who Went Into The
Military_ffslyice

PhD's 1.0%

MS's 15.2%

BS'S' 14.8%

Another important factor affetting the-available work force is the pertentage of

lltudents enrolled in nuclear science and engineering who are foreign nationals

alid, the percentage of all conferred MS and PhD degrees in nuclear science and

caeering that are foreign student.- who will return to their home country or a

other than the U.S. This information was obtained from Dr. A. David

study of "Foreign Students Obtained:MS and PhD Degrees at American

Uydversitiea (1952-1967)," ,Inthis study, Dr. Rossin included nuclear engineering

aegrees granted through June 1967, The perdentage Of foreign students to the total

nuplber of,MS degrees granted in nuclear engineering was 14.77. The percentage of



T
c'

W
o 

2
C

O
.1

V
T

IIE
 C

U
R

R
E

N
T

 (
19

69
.S

IX
 M

O
S

.)
 A

N
D

 P
R

O
JE

C
T

E
D

 (
19

70
, 1

97
3)

A
N

I'-
U

P
9

,Y
P

LY
 O

F
 N

U
C

U
A

R
 O

R
 R

E
A

C
T

O
R

 E
N

G
IN

E
E

R
S

 T
O

 T
IM

E
S

T
IM

A
T

E
D

 D
F

U
ri

T
/IF

S
E

 E
N

G
IN

E
E

R
IN

G
 T

Y
P

E
S

 B
Y

 P
R

IV
A

T
E

 IN
D

U
S

T
R

Y
, E

IC
 P

O
W

E
R

 U
T

IL
IT

IE
S

 A
N

D
 E

D
U

C
A

T
IO

N
A

L
IN

S
T

IT
U

T
IO

N
S

.

(S
oP

P
.

re
fe

r 
on

ly
 to

 g
ra

du
at

in
g 

nu
cl

ea
r 

or
 Ic

oc
to

r 
en

gi
ne

er
s 

fr
om

 s
ch

oo
ls

 w
hi

ch
 c

om
,.

th
e 

A
N

S
 s

ur
ve

y 
qu

es
tio

nn
ai

re
 a

nd
 w

hi
ch

 o
ile

r 
de

gr
ee

s
an

df
or

 C
ou

rs
es

 in
 n

uc
i.

ci
en

ce

on
d 

en
gi

ne
er

in
g.

 D
em

an
d 

do
to

'd
o 

no
t i

nc
lu

de
 r

eq
ui

re
m

en
ts

 fo
r 

nu
cl

ea
r 

or
-r

ea
ct

or
en

gi
ne

er
s 

by
 g

ov
er

nm
en

t-
ow

ne
d-

co
ol

:D
oo

r-
op

er
at

ed
 o

rg
on

is
at

io
ns

,
no

tio
no

l l
ab

or
at

or
ie

s,
 d

ef
en

se
 p

ro
du

ct
io

n

(o
ci

lit
:c

s 
on

d 
fe

de
ra

l s
er

yk
es

:)

19
65

19
69

19
69

19
70

19
70

19
71

19
71

19
72

19
72

19
73

P
hD

M
S

B
S

P
hD

M
S

B
S

P
hD

M
S

B
S

P
hD

M
S

B
S

P
hD

M
S

B
S

C
ur

re
nt

 o
nd

 P
ro

je
ct

ed
 E

nr
ol

lm
en

ts
 o

f
N

uc
le

ar
 o

r 
R

eo
ct

or
 E

ng
in

ee
rin

g 
S

tu
de

nt
s

45
2

63
3

92
1

55
4

81
2

13
38

60
5

81
9

14
08

65
6

82
7

14
78

70
9

83
5

15
48

T
ot

al
 N

um
be

r 
of

 A
nn

ua
l D

eg
re

es
 C

on
fe

rr
ed

in
 N

uc
le

ar
 o

r 
R

ea
ct

or
 E

ng
in

ee
rin

g'
 (

F
ar

ei
gn

)2
U

.S
. G

ra
du

at
es

 -
 T

ot
al

)

12
4

-2
5

28
7

- 
42 24

5

14
9

15
2

-3
1

36
9

- 
54

21
7

16
6

-3
4

37
2

22
8

18
0

-3
7 P
s

37
5

-5
5

23
9

19
5

-4
0

-1
-5

-S
-

37
9

- 
56

-3
-2

3

25
1

99
12

1
31

5
13

2
3)

7
32

0

T
ot

al
 N

um
be

r 
of

 A
nn

ua
l N

uc
le

ar
 o

r 
R

ea
C

to
r

E
ng

in
ee

rin
g 

G
ra

du
at

es
 W

ho
 W

ill
 E

nr
ol

l I
n

A
dv

an
ce

d 
D

eg
re

e 
P

ro
gr

am
s 

a
6

98
39

8
26

57
9

12
7

60
9

12
8

62
10

13
0

66

T
ot

al
 N

um
be

r 
of

 A
nn

ua
l N

uc
le

ar
 o

r 
R

ea
ct

or
E

ng
in

ee
rin

g 
G

ra
du

at
es

 W
ho

 W
ill

 B
e 

D
ra

fte
d 

or
V

ol
un

ta
ril

y 
E

nl
is

t i
n 

M
ili

ta
ry

 S
er

vi
ce

 4
1

37
22

1
48

32
48

34
1

49
35

2
49

37

T
ot

al
 N

um
be

r 
of

 A
nn

ua
l N

uc
le

ar
 o

r 
R

ea
ct

or
E

ng
in

ee
rin

g 
F

or
ei

gn
 G

ra
du

ot
es

 W
ho

 W
ill

 R
e-

tu
rn

 T
o 

T
he

ir 
H

om
e 

or
 T

hi
rd

 C
ou

nt
ry

s
11

32
14

41
--

-
15

41
16

41
--

18
42

--

T
ot

al
 N

um
be

r 
of

 A
nn

ua
l N

uc
le

ar
 o

r 
R

ea
ct

or
E

ng
in

ee
rin

g 
G

ra
du

at
es

 W
ho

 W
ill

 B
e 

A
va

ila
bl

e
T

or
 E

m
pl

oy
m

en
t i

n 
th

e 
A

to
m

ic
 E

ne
rg

y 
F

ie
ld

10
6

12
0

88
12

9
15

4
12

8
14

1
15

6
13

4
15

4
15

7
14

2
16

5
15

8
14

8

T
ot

al
 N

ew
 P

os
iti

on
s 

fo
r 

N
uc

le
ar

 o
r 

R
ea

ct
or

E
ng

in
ee

rs
 A

va
ilo

bl
e 

at
 P

riv
at

e 
In

du
st

ry
,

E
le

ct
ric

 U
til

iti
es

 &
 E

du
cO

tio
na

l I
ns

tit
ut

io
ns

36
61

44
73

12
4

88
55

84
61

55
85

61
56

87
59

A
llo

w
an

ce
s 

fo
f A

ttr
iti

on
 o

f N
uc

le
ar

 o
r

R
ea

ct
or

 E
ng

in
ee

rs
(7

.6
%

/y
r.

)5
39

57
31

47
71

40
51

78
44

56
85

50
rS

0
90

.
55

T
ot

al
 A

nn
ua

l R
eq

ui
re

m
en

ts
 fo

r 
N

uc
le

ar
 o

r
R

ea
ct

or
 E

ng
in

ee
rs

 fo
r 

P
riv

at
e 

In
du

st
ry

, E
le

c-
tr

ic
 U

til
iti

es
&

 E
du

ca
tio

na
l I

ns
tit

ut
io

ns
'

75
11

8
75

12
0

19
5

12
8

10
6

16
2

10
5

11
1

17
0

11
1

11
6

17
7

11
4 36

-1
.

A
P
P
A
R
E
N
T
 
S
U
P
P
L
Y
D
E
M
A
N
D
D
I
F
F
E
R
E
N
C
E

31
13

41

--
1

35
29

43
13

3)
49

19

1.
 T

he
 p

er
ce

nt
ag

e 
of

 P
hD

 g
ra

du
at

in
g 

st
ud

en
ts

 to
 to

ol
 P

hD
 e

nr
ol

lm
en

ts
 w

as
 c

ok
ul

ot
ed

 o
 b

e 
27

.5
%

; M
S

: 4
5.

4%
;

an
d,

 B
S

: 1
6.

2%
.

2.
 T

he
 p

er
ce

nt
ag

e 
of

 g
ra

du
at

in
g 

fo
re

ig
n 

st
ud

en
ts

 to
to

ta
l g

ra
du

at
es

 o
t t

he
 P

hD
 le

ve
l w

os
 c

al
cu

lo
te

d 
io

be
 2

0.
4%

; M
S

: 1
4.

7%
.

3,
 T

he
 p

er
ee

nt
og

e 
of

 g
ra

du
at

in
g 

P
hD

 s
tu

de
nt

s 
w

ho
w

ill
 c

on
tin

ue
 th

ei
r 

ed
uc

ot
io

n 
(P

os
t-

D
oc

to
ra

l) 
to

 th
e

to
ta

l n
um

be
r 

of
 g

ra
du

at
in

g 
P

hD
's

 w
as

 c
o:

cu
lt:

00
d 

to
be

 5
.2

%
; M

S
: 3

4.
2%

; a
nd

,

B
S

: 2
6.

1%
.

4.
 T

he
 p

er
ce

nt
ag

e 
of

 g
ra

du
at

in
g 

P
hD

 s
tu

de
nt

s 
w

ho
w

ill
 b

e 
dr

af
te

d 
or

 v
ol

un
ta

ril
y 

jo
in

 th
e 

m
ili

ta
ry

 s
er

vi
ce

 to
th

e 
to

to
l n

um
be

r 
of

 g
ra

du
at

in
g
n
o
'
s

V
M

S
 c

ol
cu

ta
le

d 
to

 b
e 

1.
C

1:
 M

S
: 1

5.
2%

;

on
d,

 B
S

: 1
4.

8%
.

5.
 P

er
ce

nt
og

es
 d

er
iv

ed
 fr

om
 A

. D
av

id
 R

os
;in

's
 S

ur
ve

y
of

 F
or

ei
gn

 S
hr

de
nt

s 
O

bt
oi

ni
og

 M
S

 a
nd

P
hD

'v
 o

t A
m

er
ic

an
 U

n;
ve

rs
iti

es
 (

19
52

19
67

).

6.
 7

.6
%

 r
ot

e 
of

 a
ttr

iti
on

 b
as

ed
 u

po
n 

th
e 

fo
llo

w
in

g
fa

ct
or

s 
(%

);
 R

et
ire

m
en

ts
 a

nd
 D

ea
th

s 
=

 4
.0

%
;

E
du

ca
tio

no
t U

pd
at

in
g 

W
hi

le
 E

m
pl

oy
ed

 =
 2

.0
%

; o
nd

,
T

ne
ve

r 
on

d 
T

ro
ns

fe
rs

.=
 1

.6
%

. T
ho

se

fa
ct

or
s 

ac
d 

pe
rc

en
ta

ge
s 

w
er

e 
ob

ta
in

ed
 fr

om
 B

LS
 T

ec
hn

ic
ol

N
nt

e 
(M

on
th

ly
 L

ob
or

 R
ev

ie
w

, N
ov

em
be

r 
19

66
.

7.
 T

ot
al

 a
nn

ua
l r

eq
ui

re
m

en
ts

 fa
r 

nu
cl

ea
r 

or
 r

ea
ct

or
en

gi
ne

er
s 

fo
r 

th
e 

pe
rio

d 
19

68
19

69
 is

 c
rk

ut
ot

ed
 fo

r 
a 

si
x 

m
on

th
 p

er
io

d
O

N
LY

.





V
R

IS
O

N
 O

F
 T

H
E

 C
U

R
R

E
N

T
 (

19
69

-S
IX

 M
O

S
.)

 A
N

D
 P

R
O

JE
C

T
E

D
 (

19
70

, 1
9i

.
T

H
E

S
E

 S
C

IE
N

T
IF

IC
 T

Y
P

E
S

 B
Y

 P
R

IV
A

T
E

 IN
D

U
S

T
R

Y
, t

(S
up

pl
y 

da
ta

 r
ef

er
 a

nl
y 

to
 g

ra
du

rt
in

g 
nu

cl
ea

r 
sc

ie
nt

is
ts

 fr
om

 s
ch

oo
ls

 w
hi

ch
 c

om
pl

et
ed

ec
rin

g.
 D

em
an

d 
do

to
 d

o 
no

t i
nc

lu
de

 r
eq

ui
re

m
en

ts
 fo

r 
nu

cl
ea

r 
sc

ie
nt

is
ts

 b
y 

go
ve

rn
m

en
t

fe
de

ra
l s

er
vi

ce
s.

)

'a
bl

e
30

U
A

L 
S

U
P

P
LY

 O
F

 N
U

C
LE

A
R

 O
F

 N
U

C
LE

A
R

 S
C

IE
N

T
IS

T
S

 T
O

 T
H

E
 E

S
T

IM
K

I
ilM

A
N

D
 F

O
R

LE
C

T
R

IC
 P

O
W

E
R

 U
T

IL
IT

IE
S

 A
N

D
 E

D
U

C
A

T
IO

N
A

L 
IN

S
T

IT
U

T
IO

N
S

.
th

e 
A

N
S

 s
ur

ve
y 

qu
es

tio
nn

ai
re

 a
nd

 w
hi

ch
 o

ffe
r 

de
gr

ee
s 

an
cl

./o
r 

ea
ur

se
s 

in
 n

uc
le

ar
 s

ci
en

ce
an

d 
en

gi
n-

-o
w

ne
d-

co
nt

ra
ct

or
-o

pe
ra

te
d 

ar
ga

ni
zo

io
ns

, n
at

ia
na

l l
ab

or
at

or
ie

s,
 d

ef
en

se
 p

ro
du

ct
ia

n
fte

ili
tie

s 
an

d

19
68

. 1
96

9
19

69
- 

19
70

19
70

- 
19

71
19

71
- 

19
72

19
72

 -
 1

97
3

P
 h

D
M

S
B

S
P

 h
D

I
.

M
S

B
S

P
hD

M
S

B
S

P
hD

M
S

B
S

P
hD

M
S

B
S

C
ur

re
nt

 a
nd

 P
ro

je
ct

ed
 E

nr
ol

lm
en

ts
 o

f
N

uc
le

ar
 S

ci
en

tis
ts

14
47

53
7

64
2

17
50

77
9

77
8

18
98

81
1

82
2

20
46

84
3

86
7

21
95

87
6

91
2

T
ot

al
 N

um
be

r 
of

 A
nn

ua
l D

eg
re

es
 C

on
fe

rr
ed

 in
N

uc
le

ar
 S

ci
en

ce
 1

((
-o

re
ig

n)
 2

(U
.S

. G
ra

du
at

es
 -

 T
ot

al
)

39
8

-8
1

31
7

24
4

-3
6

20
8

10
4

48
1

-9
8

38
3

35
4

.

-5
2

30
2

12
6

52
2

-1
06 41

6

36
8

- 
54 31

4

13
3

-
55

3
-1

13 44
0

38
3

- 
56 32

7

14
0

60
4

-1
23 48

1

39
8

- 
59 33

9

14
8

T
ot

al
 N

um
be

r 
of

 A
nn

ua
l N

uc
le

ar
 S

ci
en

ce
G

ra
du

at
es

 W
ho

 W
ill

 E
nr

ol
l i

n 
A

dv
an

ce
d

D
eg

re
e 

P
ro

gr
am

s 
3

21
83

-.
27

25
12

1
33

27
12

6
35

29
13

1
37

31
13

6
39

T
ot

al
 N

um
be

r 
of

 A
nn

ua
l N

uc
le

ar
 S

ci
en

ce
G

ra
du

at
es

 W
ho

 W
ill

 B
e 

D
ra

fte
d 

or
 V

ol
un

ta
ril

y
E

nl
is

t i
n 

th
e 

M
ili

ta
ry

 S
er

vi
ce

 4
3

32
15

4
46

19
4

48
20

4
50

21
5

52
22

.

T
ot

al
 N

um
be

r 
O

f A
nn

ua
l N

uc
le

ar
 S

ci
en

ce
F

or
ei

gn
 G

ra
du

at
es

 W
ho

 W
ill

 R
et

ur
n 

T
o

T
hu

ir 
H

om
e 

or
 T

hi
rd

 C
ou

nt
ry

 5
36

27
43

39
47

41
--

50 ,

42
--

54
44

...
...

...
...

...
,..

..m
n.

.

--

...
...

...
...

...
...

...
..,

T
ot

al
 N

um
be

r 
'o

f A
nn

ua
l N

uc
le

ar
 S

ci
en

ce
G

ra
du

at
es

 W
ha

 W
ill

 B
e 

A
va

ila
bl

e 
fo

r 
E

rn
-

pl
oy

m
en

t i
n 

th
e 

A
to

m
ic

 E
ne

rg
y 

F
ie

ld
,

.

33
8

10
2

62
40

9
14

8
74

44
4

15
3

78
47

0
16

0
82

51
4

16
6

87

T
ot

al
 N

ew
 P

os
iti

on
s 

fo
r 

N
uc

le
ar

 S
ci

en
tis

ts
at

 P
riv

at
e 

In
du

st
ry

, E
le

ct
ric

 U
til

iti
es

 a
nd

,E
dU

ca
tio

na
l I

ns
tit

ut
io

ns
75

,
30

20
15

2
63

42
13

6
59

44
13

7
61

45
13

9
62

45

A
llo

w
an

ce
s 

fo
r 

A
ttr

iti
on

 A
 N

uc
le

ar
 S

ci
en

ti 
to

12
7

49
24

14
6

53
28

15
7

57
31

16
9

62
35

18
1

69
40

T
ot

al
 A

nn
ua

l R
eq

ui
re

m
en

ts
 fo

r 
N

uc
le

ar
S

ci
en

tis
ts

 fo
r 

P
riv

at
e 

In
du

st
ry

, E
le

ct
ric

,U
til

iti
es

 a
nd

 E
du

ca
tio

na
l i

ns
tit

ut
io

ns
 7

20
2

79
44

29
8

11
6

70
29

3
11

6
75

30
6

12
3

80
32

0
13

1
95

A
P

P
A

R
E

N
T

 S
U

P
P

LY
-D

E
M

A
N

D
 D

IF
F

E
R

E
N

C
E

13
6

23
18

11
1

32
4

15
1

37
3

16
4

37
2

19
4

35
8

1.
 -

 5
.

S
ee

 e
xp

la
na

tio
n 

of
 ta

bl
e 

co
nc

er
ne

d 
w

ith
 n

uc
le

ar
 o

r 
re

ac
to

r 
en

gi
ne

er
s.

6.
 8

.4
%

 r
ot

e 
of

 a
ttr

iti
on

 b
as

ed
 u

po
n 

th
e 

fo
llo

w
in

g 
fa

ct
or

s 
(%

):
 R

et
ire

m
en

ts
an

d 
D

ea
th

s 
=

 4
,0

%
; E

du
ca

tio
na

l U
pd

at
in

g 
W

oi
le

 E
m

pl
oy

ed
 a

 2
.0

%
;

an
d

T
ur

no
ve

r 
an

d 
T

ra
ns

fe
rs

 =
 2

.4
%

.

7.
T

ot
al

 a
nn

ua
l r

eq
ui

re
m

en
ts

 fa
r 

nq
cl

ea
r 

sc
ie

nt
is

ts
 fo

r 
th

e 
pe

rio
d 

19
68

19
69

 is
 c

al
cu

la
te

d 
fo

r 
a 

si
x 

m
on

th
 p

er
io

d 
on

ly
.



EDUCATIONAL INSTITUTIONS -
MANPOWER SURVEY

graduating PhD's in nuclear engineering who were foreign students wss 20.4%.

Using the data from the Rossin study, percentages of the foreign students

who would leave the U.S. were calculated. Approximately 75.1% of the graduating

foreign students with MS's in nuclear engineering returned to their own country

or a country other than the U.S. At the PhD level, 55.9% of the graduating

foreign students in nuclear engineering left the U.S.

These percentages were applied to the estimated student enrollments in

nuclear science and engineering for the 183 schools (Table 28) to arrive at the

total number of annual graduating nuclear or reactor engineering (Table 29) and .

nuclear science (Table 30) students who will be available for employment in the

atomic energy field.

Analysis of the data show that during the period extending from June 1969

through December 31, 1971, 5,367 nuclear science and engineering gradvates will

enter the work force of the Atomi0 energy field. The average number of graduating

nuclear science and engineering students entering:the work force is 1,073/year -

Yt.'y level of degree:t4e averages: ere: ThDts,,-H.574/yr; MS's, 295Iyr...; and



EVALUATIM nE TE.CHmTCAL mATOWFP MTCTED

TRIENN nE THE Al -1TC FiqFPGY FIFO (iggi-107)

COMPARISON OF THE SUPPLY AND DEMAND FOR NUCLEAR-DEGREE) SCIENTISTS AND ENGINEERS

In this section of the report, the comparison of the supply and demand for

nuclear degreed scientists and engineers refers only to the manpower demands of

selected private industries, electric utilities, educational institutions and COCO

facilities. The demand for nuclear degreed scientists and engineers is based on the

premise that these individuals must spend at least 50% of their working time in

atomic energy activities. Also, only one-half of the attrition requirements of

COCO facilities has been included.

Table 31 presents the current employment of nuclear degreed scientists and

engineers at only private industries, electric power utilities and educational

institutions and ANS prOjeCtions of their requirements for nuclear degreed individ-

uals for 1970 And 1973.- TheSe data repreSent OnlY their 'requirements:for nuClear

degreed scientiSts and enginderS to fill new POsitions and dOeS nOt include alloWances

for attrition The demand data for nuelear degreed indiViduals is Somewhat OVer-7

. atated as it'Wa's aSsuMed th4t allneW positions requiring:degreed'sdientistS and

engineer's at the educational institntiOns covered in this study Would be filled by

LikeWise, it was::also asSUmed that al:raduating

engineering students who areavailable for employMent would

enter the atomic energy field. It is felti.-however, that .-.hese asSnmptions wOuld

ssentiallY cancel eathOther opt and the effect upon the data would be negligible.

The groWth in demand by private indUstries, electric power utilities and

educational institutions active in the atomic energy field for nuclear dereed

scientists:and engineers-betWeen July 1969 and December 31, 1973 is 52.77 . The

grOwth in demandjor nuclear degreed scientistS during thisl)eriod.of tithe is

46.0%.



EVALUATION OF TOTAL DATA

The growth in demand for nuclear degreed engineers during this period is 62.2%.

Tables 29 and 30 show the comparison of the current and ANS projected annual

supply of nuclear degreed scientists and engineers to the estimated annual

demand for these types by private industries, electric power utilities and

educational institutions during the period extending from July 1969 through

December 31, 1973. The supply data represent graduating nuclear-dec=reed scien-

tists and engineers venio ,w:L11 actually be available fox employment fm the atomic

energy field. Also, :the demand data represents; requirements for nraclear-degreed

individuals to fill not only new positions but also replacement positions.

Chart 19 shows the relationship between the total estimated sumply of

nuclear degreed scientists and engineers to that part of the estimated demand

for these types by private industries, electric power utilities, educational

institutions, and GOCO facilities. Charts 20, 21, and 22 show the relationship

betWeen the total estimated supply of nuclear degreed scientits and engineers,

bY level of degree, and:the total eatimated demand for nuclear degreed scientists

and engineers, by level of degree.

AnalySea of these charts ahowyanapparent aVaiiabilityof nuclear degreed

individuals and, i particular, an excesa 'of nuclear degreed

the- PhD leveL In faCt, the astimated

scientists at

output of these individuals is growing

at a rate exceeding the estimated demand (note the relative stability of the

demand for these types between 1970 and 1973). With regard to nuclear degreed

engineers, the situation is somewhat different. At the PhD level, the disparity

between the eStimatedupply and demand for nuclear degre0 engineers is rela-

tively small and; the case Of the BS and-MS:leVeLnUclear degreed engineer-,

their deMand is greater than.the estimateupply.



Table 31
CURRENT (1969) EMPLOYMENT OF NUCLEAR-DEGREE SCIENTISTS AND ENGINEERS AT PRIVATE INDUSTRY, ELECTRIC POWER
UTILCTIES AND EDUCATIONAL INSTITUTIONS AND ANS PROJECTIONS OF THEIR REQUIREMENTS FOR THESE TYPES FOR 1970

AND 1973.
(Data include only nuclear-degree scIentists and engineers who spend or will spend at least 50% of their working time in atomic energy
activities. Data do not include requirements for nuclear-degree scientists and engineers by government-owned-contractor-operoted organ-
izations, national laboratories, defense producticn fatilities and federal ,..r.-ices.)

OCCUPATIONAL CATEGORIES r"IRRENT
,..'M'i-tOYPMENT 1970

INCREASE/
DECREASE 1973

INCREASE.'
DECREASE

SCIENTISTS (Life & Physical) 236E' 2725 +360 3454 +729

ENGINEERS 1655 2081 f426 2684 +603 .

TOTALS 40Z, 4806 +786 6138 +1332

(1). Figures include the educational institutions' maraterrtly emplored and planned for scientists and engineers who may or may not have
degrees in Nuclear Science or Engineering. For purposes of the study, it was assumed that all new degree positions at the edu-
cational institutions will be filled with Nuclear degree holders.
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Ir. r

iustiton!;, aJ:c othc:r ;11:ljet emploent ti:Ifket:s ior nuclear dcgracd indivi-

duals. IT. Lact, COCO ori;aniati,ons (the national laboratories and defense produc-

tion facilities> and state and federal services have historically been the primary

employers of nuclear degread scientists and em:'_ucers. None of yhese were included

in the stuely itself. Under normal circumstances- these employment markets (especial-_ -
ly the national labs). would more than account for the difference between supplY

and demand indicated above. Uovever,. the 1:ey phrase is "under normal circumstances.

With drastic cuts in government funds for research in the atomic energy Tield, these

employment markets, at least in the near future, will not constitute a major source

of demand for scientists or engineers in general or of nuclear degreed scientists

.and engineers in. partieular. Therefore, cmco demands included in charts 12 -, 22

provide.for no growth 'and. only 54% Of-estimated normal attritiOn.

In an attempt to substantiate the employment outlook at the national labora-

tories, the American Nuclear Society conducted a telephone survey with 4 national

labs. The'5 questions asked were:-

1) How many scientists and engineers are currently employed at your laboratory?

2) What percentage (or how man)) of your currently employed scientists and

engineers received their degrees specifically in nuclear science or engi-

neering?

3) About how many nuclear degreed scientis s and engineers does your laboratory

normally hire each year?

4) Do you expect to maintain this rate of employment for nuclear degreed

individuals:-during the next fOUr years?
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5) Of the nuclear degreed scientists and engineers currently employed at your

laboratory, what is their approximate breakdown by level of degree earned?

The four national laboratories had a combined total of 7,130 scientists and

engineers working for them. In 1968 there were 17,125 scientists and engineers

employed at all national laboratories as reported by the Bureau of Labor Statis-

tics. Thus, the laboratories contacted in the ANS survey represent 41.h7. of the

total number of scientists and engineers employed at all national laboratories in

1966. Of the sample laboratories' 7,130 scientists and engineers, 245 (4.8%)

have received an identifiable degree in nuclear science or engineering. (Recent

estimates provided by AEC indicate that the 4:8% is low and is more on the order

of 20-25%.) Extrapolating from the data provided by the sample laboratories

to the entire national laboratory complex, approximately 822 of the reported

17,125 scientists and engineers employed at the national laboratories in 1968

had earned their degrees in nuclear science or engineering. If one were to assume

that the percentage of nuclear degreed scientists and engineers in the total

number of scientists and engineers employed at national laboratories would also

hold for the defense production organizations (4,038 scientists and engineers

employed at defense production facilities in 1968), this would result in another

194:nUClear degreed scientists and engineers. By.this reasoning, a total of 1,016

nuclear degreed.scientists and engineetS were employed at both the national labora-

tories and defense production facilities in 1968.

As a result of cuts in government research expenditures, the national labs are

presently reducing their ovelall work'forces by laying-off sOme employees and by

restricting the number of now employees they will hire to fi/1 positions that will

open by natural attrition. Generally speaking, the national labs are planning to

hire only a few scientists-and engineers for'neW positions and only a portion of
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those lost through normal attrition. It seems that the labs are following a general

principle of replacing these individuals only when a "key" position is involved. It

is evident, therefore, that for the next few years the national laboratories will

not hire many scientists or engineers and, in particular, will not hire many recent

graduates regardless of their educational background. One can assume that what is

happening at the national labs is also happening at the other GOCO facilities.

It is necessary to also take into consideration the effect of the layoffs at

the national laboratories on the total manpower market in the atomic energy field

and especially the effect on graduates in nuclear science and engineering. Employees

who are members of the American Nuclear Society who have been laid-off by a national

laboratory (there have been many) have found employment elsewhere in the atomic

energy field. Obviously, when a prospective employer has the choice between a

recent nuclear degreed graduate and someone who has worked at a national laboratory,

he will hire the experienced individual. The net result of government cutbacks in

research appropriations is the detrimental effect the cutbacks will have on the

country's future nuclear capability, both technologically and in terms

manpower resources. The,:effect of these budget cuts on the graduating

degreed individual's ability to find work for which he is trained can

to depress the future enrollments of students in,nuclear

disciplines.

For the present, graduating nuclear degreed students will have to

their thinking regarding their method of obtaining work in the atomic

science

of skilled

nuclear

be expected

and engineering

In the next few years there will not be

readjust

energy field.

as many research positions available as

there have been in the past. The student and his faculty

take the initiative for contacting organizations which do

advisor will have to

not normally recruit
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at their campus. There are hundreds of companies (refer to the NUCLEAR NEWS

BUYERS GUIDE) active in the atomic energy field which would be receptive to

inquires from nuclear degreed graduates. However, the student must want to work

for private industry and he will have to convince these companies as to how his

educational background in Auclear science or engtneering will help the company

solve some of its problems.

In interpreting the results of this study, one may come to the conclusion

that the educational institutions must reduce their output of nuclear degreed

scientists and engineers. However, this approach would certainly be foOlhardy

when one considers what the long -termeffects would be on theatomic energy field.

The sdhools must cOntinue to train people for the nuclear field at about the

rate estimated in this study. What the results of the study indicate are that

the educational Institutions are doing an excellent job in meeting the demands

of theatoMic-energy field for nuClear degreed sCientiets and engineers. However,

the schOols shoUld re-evaivate,the relative emphasia they place on:specific degree

levels:an&disciplines. Tor example, :the UniVeraities Could stabilize for the

- next twOor threeyearsi their output of PhD level nuclear scientists and BS

level ;wader engineers'While incieasing their output of MS level nuclear engineers

and BS level nuclear scientista. The rate of output of PhD level nuclear engineers

should stay about the same as it cUrrently is but the schools might consider an

increase prOductiVity of PhD nUclear engineers who have industrial ambitions. By

proViding the'PhDcandidates with an oppoitUnity to conduct research on industrial

related problems, the student,:aChOol and induatry:will.:henefit.

The :in7-depth interVieWs WitivAEielectedprivacoMpanies Clearly shOWed a lack

of knowledge on the patt of industry in geileal (excluding,.perhaps, the reactor

manufacturers4ind:the organizationsvinvOlNed in the de-Sign:and engineering of

nuclear faCilities) as to what a nuclear degreed scientist or engineer

-7

trained to do.,
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If these organizations do not have an appreciation for what a nuclear engineer

does, they probably are also unaware of the benefits their company can realize

by having a nuclear engineer on their staff. It is suggested, therefore, that

the nuclear science and engineering faculty, who are responsible not only for

teaching students but also for ensuring their employment, do some missionary work:

DEMAND FOR SCIENTISTS. ENGINEERS AND TECHNICIANS BY SELECTED SEGMENTS OF THE

ATOMIC ENERGY FIELD

Table 32 oresents the total estimated demand for scientists, engineers and

technicians for 1969, 1970, and 1973 only at electric power utilities, educational

institutions, and private-industry. The increase in manpower reqUirements by

occupational category, between July 1969-and December 31,'1973 represent the total

number of scientists, engineers,
and techniciananeeded to fill new positions at

,
private industry, electric utilitiesi and educational institutions. Therefore,

betWeen July 1969 and December 31, 1973 these 3 sectors of the,atomic energY

fieldwill grow by, 493%.

%-Increase Between Numeticeljncrease Between

Occupational Categories July1969:And Dec. 31;1973 1969and Dec. 31 1973

Technicians 58.07 6,802

Engineers

Scientists

TOTALS

44.3% 5,130

41.5% 2 a
344--

49.3% 14,276

At private industry, electriC.poWer utilities and educational institutions, the

greatest grawth both:nuMericallY and percentagewise, will occur in the technician

category. This emphasis On techniciana is probably due to three factors: 1) the

nuclear industry is shifting its orientation from one of redearCh to product

development. In the case of the_electric utilities, the majority of their on-site

Plant-personnel are technicians responsible.for the operatiOnal aspects of running

a. nuclear power'plant; 2) because of the anticipated 'shortage of engineering

33
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EVALI 1AT ION (IF TOTAL DATA

specialists in the near future, many organizations are planning to hire a greater

number of technicians for engineering support functions. This will have the

effect of spreading their engineering personnel over a larger number of work

activities and will also release the engineers for more profitable endeavors; and,

3) tedhnicians command lower salaries than do professional employees. The

companies would be able, therefore, to reduce their operating costs while improving

their competitive position.

A breakdown, by level of degree, of scientists and engineers currently employed

by private industries, electric power utilities and educational institutions and

ANS projections for these professional employees in 1970 and 1973 (not including

mathematicians) is presented in Table 33. This Table shows the breakdown of

scientists and engineers, by level of degree, for both 7niclear degreed scientists

and engineers and degreed (nonnuclear) tdientists and engineers. The percentage_

of nuclear degreed individuals with MS's will remain the same during this period:

of time. However,. the pereentage of BS level nuclear degreed scientists and

engineers will inciease br2.4% between Jiily 1969 and December 31, 1973, while

PhD's will decrease by 2.4%. For the other degreed (non-nuclear) scientists and

engineers those with BS's will increase by 0.7% between July 1969 and December 31,

1973; those with MS's will decrease by 0.5%; and, those with PhD's will decrease by

0.2%. These data seem to show a slight decrease, percentagewise, in PhD level

personnel, while scientists and engineers with BS degrees Will increase. The

percentage of scientists and engineers (non-nuclear) with MS's will remain relatively

constant during this time period.

Data presented in thie report Was obtatned through survey questionnaires and

in-depth-interviews! Only three sectors of the nuclear field weie covered in the

atudyLnametE::educational inatitutions,- electric power-utilities, and the private

industries active-in the atomic energy'fieid. In addition to rhese three areas,

-215-
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Table 33
BREAKDOWN OF NUCLEAR-DEGREE AND DEGREE (NON-NUCLEAR) PERSONNEL CURRENTLY (1969) EMPLOYED AND PLANNED

FOR IN 1970 AND 1973 BY LEVEL OF 172FGREE FOR PRIVATE INDUSTRY, ELECTRIC POWER UTILITIES AND EDUCATIONAL
IN5TI71JTION5 Dato do not include Mathematicians.

(Data include only degree personnel who spend or will spend at leost SO% of their working time in otomic energy activities. Data do not
include requirements for degree personnel by government-owned.contractor-operoted organizations, national laboratories, defense productionfacilities and federal services.)

CURRENT 1969

LEVEL OF DEGREE TOTAL NUCLEAR
DEGREED = 4,020

% of TOTAL TOTAL NON-NUCLEAR
DEGREED = 12,650

% of TOTAL

BS 678 16.9% 8,857 70.0%

MS 1,3114 32.8% 2,816 I 222 %

PhD 12,023 50.3% 977 7.7%

1970

LEVEL OF DEGREE TOTALNUICLEAR
DEGREED = 4,806 % of TOTAL TOTAL NON-NUCLEAR

DEGREED = 14,821 % of TOTAL

BS 870 18.1% 10,456 70.5%

MS 1,576 32.8% 3,239 21.9%

PhD 2;360 49.1% 1,126 7.6%

1973

LEVEL OF DEGREE TOTAL NUCLEAR
DEGREED = 6,138 % of TOTAL TOTAL NON-NUCLEAR

DEGREE18,362 % of TOTAL

BS 1,189 19.3% 12,985 70.7%

2,012 32.8% 3,996 21.8%

PhD 2;937 47.9% 1,381 7.5%



EVALUATION OF TOTAL DATA

the atomic energy field consists of Commission laboratories, defense production

facilities, other GOCO organizations, federal services, and other private and

government-owned organizations, such as uranium mining companies and organizations

in the construction of nuclear facilities. In an attempt to provide an overall

view of the future technical manpower situation in the atomic energy field, the

American Nuclear Society (through the use of historical BLS data, evaluations of

the growth potentials in the various non surveyed areas of the atomic energy

field not covered in the study, etc.) calculated estimates of the total technical

manpower requirements of the atomic energy field far 1969, 1970, and 1973. These

esitmates are presented in Table 34. The reader should view these data as

estimates based on historical employment patterns and evaluations of future.trends

in those areas of the atomic energy field not covered in the study. The data

presented in Table 34 for the educational inatituttons, privately owned estabaish-

ments and electric power utilities were taken directly from the results of the

eurveys conducted by the American Nuclear Society.

Undoubtedly, the estimates of technical manpower requirements at the Commission

laboratories, defense production facilities, federal services, and All other COCO

organizations for 1970 are, in view of the present budget cuts, optimistic.

However, this portion of the study is based on the belief that by 1973 theoe

organizations will be operating "under normal conditions" and, therefore, the

ANS expects the estimates for 1973 will be closer to reality than are the 1970

estimates.

If one assumes that these estitates of technical.manpower Will closely approx-

imate what will happen in the atomic energy field between July 1969 and December 31,

1973, the overall growth in.the employment of scientists,,engineers and teChnicians

inthe atomit energyfield between:julY 1969-,end DeCeMbei:311973 will be 30.77,'

237
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.IEWUJATION OF TOTAL DATA

% Increase Between Numerical Increase Between

Occupational Categories July 1969 and Dec. 312 1973 Xuly 1969 and .Dec. 31. 1973

Technicians

Engineecm

ScientIsts

TOTALS'

3A-7%

36.2%

25.0%

30.7%

11,861

9,020

5 197

25,078

It must be remembered that the estimates are for scientists engineers, and

techncians who will fIll new positions.

Allowances for attrition of scientists, engineers, and technicians employed

in:the atomic energy field in 1969, 1970, and 1973 are given in Table 35. The

total number of scientists, engineers, and technicians whm comld be needed by

the atomic energy field between July 1969 and December 31,, 2973 to fill new and

replacement positions are presented in Table 36. Thus, betamen July 1969 and

December 31, 1973, the requirements of the atomiC energy field for scientiats,

engineers, and technicians to fill new and replacement positions are:

Occupational:
Categories Positions

Replacement
Positions Totals

Technicians

Engineers

Scientists

TOTALS

11,863

9,026

5
1
201

20,289

12,-006

. 8L984

32,152

21,032

18514--A---
67,369

----
26,090 41,279

One should not construe these data to mean that these 67,369 scientists, engineers,

and technicians will came into the atomic energy field from some other technological

field. In fact, through intra7mobility, the majority.of the replacement positions

will be filled by people already working in the atomic energy-tield.

The American NuclearSociety estimates that there areoVer 1,000 organizations

n the al,tomic.energy field. 1000

companies (about 650 U.S. companies listed in the
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EVALUATION OF TOTAL DATA

NUCLEAR NEWS BUYERS GUIDE: 1970), universities that offer courses and/or degree

programs in nuclear science and engineering, national laboratories, other GOCO

organizations and other establishments (i.e. uranium mining companies, federal

services, etc.). Based on these 1,000 organizations, an average company will

hire about 15 scientists, engineers and technicians each year to work in its

atomic energy activities. Five of these hires will be for new positions and

10 for replacement positions.



APPENDIX A

SURVEY METHCIUCLOGY AND PROCEDURE

1N-DEPTH INTERVIEW METHOD

The in-depth interview technique was selected as the survey methodology

for determining technical manpower requiremerts of the private industry sector

of the atomic energy field. The interview method was selected because it allows

for qualitative responses not usually obtained through direct mail questionnaires.

Furthermore, it was felt that questionnaires would create an undue burden on

industry, and that data obtained from questionnaires may be affected by varia-

tions in the interpretation of the questionnaire.

In this study, the in-depth interview technique used was the "standard-

ized" or "structured" interview. Because standardized interviews are designed

to collect the same information from each respondent, the answers of all

respondents are comparable and classifiable--that is, they deal with precise-

ly the same subject matter. In this study, the subject matter is limited to

technical manpower requirements. The differences or similarities between the

responses given in the interview reflect the actual differences or similarities

between respondents and not differences due to the questions asked or the mean-

ings attributed to the questions.

The in-depth interview consisted of a schedule of 24 sequential questions,

developed in advance of the actual interviewing, which were asked of all

respondents in exactly the same vay and wording. (Refer to APPENDIX B for a

list of the in-depth interview questions, directions, and occupational defini-

tions.) Although the in-depth interview was restricted to a series of sequen-

tially predetermined questions, the interview situation was completely "open-

end"--the interviewer and respondent were free to enlarge upon the basic questions

and_answers .toiurttier.their,undei-$t6nOng.H

:addi:tIon,to.the.
214queetjonseechreSPondent.Was asked, priOr to the:.
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SURVEY METHODOLOGY AND PROCEDURE

interview, to have on hand for the interview information concerned exclusively

with the statistical considerations of his organization's currently employed

technical manpower and projections of the company's technical manpower require-

ments for 1970 and 1973. At the time of the interview, the information was

reviewed by the interviewer to help familiarize himself with the technical man-

power requirements of the organization being interviewed.

In the development of the in-depth interview technique, the ANS project

manager had numerous discussions with individuals and organizations experienced

in the use of this technique. Some of the organizations contacted were the

National Opinion Research Institute, National Science Foundation, Bureau of

Labor Statistics, and the ANS/ASEE Manpower Steering Committee.

The questions were developed and reviewed by ANS, AEC and industrial per-

sonnel. The initial questions were revised as a result of these discussions and,

after the final set of questions was developed, the ANS project manager con-

ducted a pretest with organizations active in the atomic energy field. Only a

few minor changes were made as a result of the pretest experience.

Due to the economic considerations of conducting in-depth interviews, the

number of interviews that were to be conducted was limited to a representative

sample of the private industry sector of the atomic energy field. The sample

was selected by representatives of the American Nuclear Society and the Division

of Nuclear Edr-7ation and Training/U.S. Atomic Energy Commission. The sample

seleztion was based on two consideraions: 1) The BLS conducts for the AEC an

annual survey of employment in the atomic energy field, by occupation ard seg-

ment and uses, as a convenient method of defining the atomic energy ttfi, a

number of functional categories. For example, in the private industry sector

of the atomic energy field, the BLS has identified and defined 14 functional

segments such ac uranium milling, reactor and reactor component design and

-224-
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SURVEY METHODOLOGY AND PROCEDURE

manufacturing, nuclear instrument manufacturing, etc. All organizations

respondkng to the annual BLS survey are categorized into their appropriate

functional segment(s) as determined by the organization itself. Organiza-

tions interviewed in the ANS survey were chosen from each of the 14 BLS seg-

ments. An attempt was made to include small, medium, and large companies in

the sample for each segment. It was hoped that the sample companies would

represent at least 50% of the total number of technical employees reported

in the 1967 BLS "Survey of Egiployment in the Atomic Energy Field by Occupation

and Segment."

The actual in-depth interviews were conducted by the senior ;.-1-aff members

of the American Nuclear Society. The procedure followed in scheduling an

interview was to contact an ANS member at the selected company and request

that he provide the name of the individual(s) most knowledgeable of his organi-

zation's technical manpower. The individual recommended by the ANS member was

then contacted by telephone, the purpose of the survey was explained and, if the

organization was willing to participate, a tentative appointment was made for

Conducting the interview. (Only 2 out of the total sample of 70 companies

declined to participate.) A setter was then sent to the respondent to confirm

the appointment and a request was made that data on their technical manpower

requirements be available for the interv'ew. At no time prior to the interview

was the respondent made aware of specific questions that would be asked during

the interview.

A typical inter**ew lasted about 1 hour and, in most instances, 2 or more

individuals from the company participated in the interview. The majority of

the interviews were conducted with representatives of the organization's execu-

tive office, personnel department and, most importantly, with the Heads of the

research and/or engineering departments.

The interviews were conducted during the period extending from March through
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August 1969. A total of 68 organizations were interviewed.

Projections of the technical manpower requirements of the sample organi-

zations were extrapolated to cover all of the selr-:ted segments of the private

sector of the atomic energy field included in the survey. For each functional

segment (i.e., uranium milling), extrapolations were based on a weighed average

of the percentage of the total technical manpower of the sample companies to

the total technical manpower reported by the BLS in each functional segment

for the years 1966, 1967, and 1968.

ELECTRIC POWER UTILITY SURVEY

This study was conducted by Dr. A. David Rossin, Argonne National Laboratory

and Keith L. Voigt, AmericF.n Nuclear Society under the co-sponsorship of the ANS

Power Division and the Reactor Operation Division. The purpose of the study was

to assess the future requirements of the electric utility industry for degreed

(non-nuclear), nuclear degreed, and nuclear trained (non-degreed) personnel.

The data were collected through the use of direct mail questionnaires. An

advisory committee, composed of representatives of the sponsoring ANS Divisions,

reviewed the progress of the study.

The preliminary questionnaire was developed after numerous consultations

with representatives of the utility industry and the Edison Electric Institute.

The initial draft questionnaire was reviewed by the ANS advisory committee and

was then pretested with a number of electric utilities. A few minor changcs were

made as a result of the pretest experience and the final questionnaire, its di-

rections, and cover letter were mailed to 46 U.S. electric utilities during the

week of February 3, 1969. (Refer to APPENDIX C for a sample of the questionnaire

and directions.) Only those electric utilities that had or were planning to have

nuclear power plants in operation by 1976 were contacted. A follow-up letter

vhich requested the company to complete the questionnaire was mailed to the non-
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respondents on April II, 1969.

To reduce variations in the interpretation of the questionnaire between

participating utilities, the directions included the names, addresses and

telephone numbers of the advisory committee members. The electric utilities

were urged to contact any of these individuals if they had any questions

regarding their interpretation ot the questionnaire or the procedure for com-

pleting the questionnaire.

The results were extrapolated to the entire U.S. electric utility manpower

requirements, based on published information concerning the power ratings and

time schedules for unreported plants.

Data given in the section of this report titled "Technical Manpower Require-

ments of the Electric Utilities" have been updated from the data published by

Rossin and Voigt to take Into account the additional nuclear power plants re-

cently announced and the cancellation of a previously annouced nuclear power

plant.

COLLEGE-UNIVERSITY SURVEY

The purpose of this study was to determine the future requirements of

the educational institutions for full and part-time faculty, research and develop-

ment, and nuciear facilities personnel. In addition, the study attempted to

assess the extent of student enrollments in stipu;ated nuclear science and

engineering disciplines by level of degree for 1969, 1970, and 1973.

Dna were collected through the use of direct mail questionnaires. The

development of the questionnaire was accomplished through numerous discussions

with university, professional, and educational association representatives.

The draft questionnaire was pretested with a number of universities and their

recommended changes were incorporated in the questionnaire. (Refer to APPENDIX

D for a sample of the questionnaire.)
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For purposes of tha study, the survey universe was defined as those schools

which appeared in the 1966 edition of "Educational Programs and Facilities in

Nuclear Science and Engineering." On December 8, 1967, the questionnaire was

sent to a total of 269 colleges and universities. A follow-up letter was

mailed January 24, 1968.

Because the university survey was to be incorporated in the overall ANS

survey of technical manpower requirements and, because the other elements of

the overall survey; namely, the in-depth interview with private industries and

the electric power utility survey were delayed in their completion, an updated

survey of the educational institutions was undertaken. The updated survey cover-

ed a sample of 25 schools which had participated in the first university survey.

These sample universities were also sent a copy of the questionnaire they had

completed in the initial survey. They were asked to review their previous esti-

mates in light of the current situation at their school, and to update their

estimates if they felt their first estimates were no longer representative. The

updated survey was conducted during July and August 1969.

The updated survey data provided by the sample schools were extrapolated to

the study's entire educational institution universe to account for changes in

requirements for faculty, research and development and nuclear facilities per-

sonnel, and nuclear science and engineering student enrollments that had occured

between December 1967 and July 1969.

As bas been previously stated, the primary purpose of the entire ANS/AEC

study was to establish a supply/demand ratio for nuclear degreed scientists

and engineers. However, more than just information on student enrollments was

necessary to develop a meaningful estimate of the potential supply. To determine

how many students currently enrolled and planned for enrollment in 1970 and 1973

would actually be available each year for employment in the U.S. atomic energy

field, the American Nuclear Society conducted a telephone survey during the week
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of February 2, 1970. Eighteen major nuclear science and engineering degree

granting universities were contacted.

The telephone survw; consisted of the same four questions for each level

of degree and the data requested was limited to the 1968-69' academic year.

The questions asked were:

I. How many students were enrolled in coursework leading to a degree in

nuclear science or engineering?

2. How many students were conferred degrees in nuclear science or engineer-

ing?

3. How many or what percentage of students who received a degree in nuclear

science or engineering, enrolled in coursework leading to an advanced

degree in nuclear science or engineering, or to post-graduate work?

4. Approximately how many or what percentage of the graduating students

in nuclear science or engineering were drafted or voluntarily joined

the military service.

In order to determine how many MS and PhD graduates in nuclear science or

engineering were foreign students who would return to their home country or

to a country other than the U.S., the results bf Dr. A. David Rossin's study

of "Foreign Student Obtaining MS and PhD Degrees at American Universities (1952-

I967)" were used. These data were used to establish realistic estimates of

graduating nuclear science and engineering students who would be available each

year for employment in the U.S. atomic energy field.
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APPENDIX B

NUCLEAR MANPOWER SURVEY

TITLE

Survey of Employment Requirements by the Prtvate Industry and
Electric Utility Sectors of the Atomic Energy Field for Scientists,
Engineers, Mathematicians, Technicians, Senior and Reactor Opera-
tors, and Nuclear Materials Managers Who.Spend At Least 50% of
Their Working Time in Atomic Energy Activities.

INTRODUCTION

In order for the nation's educational community to prepare It-
self to meet the future manpower needs of private industry and
electric utiiities active in the atomic energy field, the education-
al institutions must be provided with authoritailve statistical data
which qualifies and quantifies the demand for nuclear trained
scientists, engineers, technicians, senior and reactor operators, and
nuclear materials managers. Such data would help to strengthen cur-
rent educational endeavors and would also help to support new educa-
tional endeavors in the field of nuclear science and engineering.
Furthermore, these data could help to direct government support to
those areas where the needs are most evident. A final report of the
survey results could also be utilized by companies and utilities in
planning their future manpower requirements.

CONDUCTING ORGANIZATION

The survey is being conducted by the American Nuclear Society.

SPONSORING ORGANIZATION

The survey is sponsored by the Division of Nuclear Education and
Training/U.S. Atomic Energy Commission.

PROPRIETARY INFORMATION

All data and information obtained In the interview will be strictly
confidential. Statistics of individual companies or utilities will not
be released.
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(A)

AMERICAN NUCLEAR SOCIETY
SPECIAL PROJECTS DEPARTMENT

Nuclear Manpower Survey

Name and Address of Interviewed Organization

Telephone Number

(ZIP CODE)

(AREA CODE)

Name and Address of Organization's Other Subsidiaries and/or Divisions Which Also Partici-

pate in the Atomic Energy Field:

(B)

(0)

(C)

(ZIP CODE)

(E)

-ame of the Respondent(s):

Name

Name

Date of the Interview

Interviewed e-

(ZIP CODE)

(ZIP CODE)

Title

Title

(ZIP CODE)

(DAY) (MONTH) (YEAR)

(SIGNATURE)

Would you please indicate the segment(s) of the atomic energy field your organization and

its subsidiaries and/or divisions participate in?

rl URANIUM MILLING
El____pRODUCTION OF FEED MATERIALS
Ea_FRODUCTION OF SPECIAL MATERIALS

FOR USE IN REACTORS
El__FUEL ELEMENT FABRICATION AND

RECOVERY ACTIVITIES
El REACTOR AND REACTOR COMPONENT

DESIGN.AND MANUFACTURING
11 DESIGN AND ENGINEERING OF NUCLEAR

FACILITIES

0 POWER REACTOR OPERATION AND
MAINTENANCE

0 RADIOACTIVE WASTE DISPOSAL
E] NUCLEAR INSTRUMENT MANUFACTURING.

o PROCESSING AND PACKAGING RADIO-
ISOTOPES

0 PARTICLE ACCELERATOR MANUFACTURING
El PRIVATE RESEARCH LABORATORIES
0 INDUSTRIAL RADIOGRAPHY
ri MISCELLANEOUS
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AMERICAN NUCLEAR SOCIETY
SPECIAL PROJECTS DEPARTMENT

Nuclear Manpower Suryey

Name and Address of Interviewed Utility

Telephone Number
(ZIP CODE)

Name of Nuclear Plant(s)
(I)

Name

Type of Reactor (BWR, PWR, etc.)

Megawattse

Start of Construction (Date)

Operating Personnel on Site (Date)

Commercial Operation (Date)

Reactor Manufacturer

(AREA CODE)

Name

Type of Reactor (EWR, PWR, etc.)

Megawattse

Start of Construction (Date)

Operating Personnel on Site (Date)

Commercial Operaon (Date)

Reactor Manufacturer

Name of Respondent(s)

Name

Name

(2)

(3) (4)

Date of Interview

Interviewed By

Title

Title

(DAY) (MONTH) (YEAR)

(SIGNATURE)
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INTERVIEW QUESTIONS

CURRENT EMPLOYMENT

(Include only those employees who spend at least 50% of their working time in

your organization's atomic energy activities.)

Question I -- Using the May 1968 employment data reported by you to the U.S.
Department of Labor, Bureau of Labor Statistics, how many physical scien-

tists, life scientists, and engineers have received degrees in nuclear

science or engineering?

Question 2 -- Would you indicate the educational backgrounds of the nuclear

degreed and degreed (non-nuclear) scientists and engineers currently em-

ployed by your organization?

Question 3 -- Of the total number of nuclear degreed and degreed (non-nuclear)

scientists and engineers currently employed by your organization, how many

have PhD's, MS's or BS's?

Question 4 -- What is the first (primary) qualification your company considers

when hiring scientists, engineers, technicians, senior and reactor opera-

tors, and nuclear materials managers?

Question 5 -- Does this qualification(s) also prevail when you are hiring a

scientist or engineer with a nuclear degree?

Question 6 -- In what company activities do the majority of your nuclear de-

greed scientists and engineers, degreed (non-nuclear) scientists and
engineers, technicians, senior and reactor operators, and nuclear materials

managers work?

Question 7 -- Is your company's current staffing needs for nuclear degreed

scientists and engineers filled?

Question 8 -- During the past 5 years (1963-1968), what degree of success has

your company experienced in filling its needs for nuclear degreed scientists

and engineers, degreed (non-nuclear) scieotists and engineers, technicians,
senior and reactor operators, and nuclear materials managers?

Question 9 -- During the past 5 years (1963-1968), has your company increased

or decreased its need for nuclear degreed scientists and engineers?

Question 10 - Would you briefly Wscuss some of the reasons why your company

hires degreed (non-nuclear) scientists and engineers for positions in your

company's atomic energy activities.

Question II - Does your company believe that the degreed (non-nuclear) scientists
and engineers would be more valuable if they had some coursework in nuclear

science or technology?

Question 12 - How does the education recerved by the nuclear degreed scientists

and engineers match the responsibilities they have in your organization?
(i.e., How relevant is their educational background in nuclear science or

engineering in relation to your company's particular technicai environment?)



INTERVIEW QUESTIONS

Question 13 - Of the total number of employees currently employed in your com-
pany's atomic energy activities, approximately how many of these employees
do not have an academic degree in science or engineering, but through experi-

ence or training are able to assume job responsibilities equivalent to those

of a degreed scientist or engineer?

FUTURE EMPLOYMENT

Question I -- What extrinsic and intrinsic factors did you use in making your
employment estimates for 1970 and 1973?

Question 2 -- Of the factos indicated in question I, which extrinsic and intrin-

sic factor has proved to be the most reliable (most accurate) measure of

your company's technical manpower needs?

Question 3 -- Assume that government funds to your company were to decrease by
10% of their current level in 1970 or 1973. Would your 1970 or 1973 em-
ployment estimates for nuclear degreed, degreed (non-nuclear) scientists
and engineers, technicians, senior and reactor operators, and nuclear mater-
ials managers increase? decrease? or remain unchanged?

Question 4 -- By 1970 or 1973, do you anticipate any change in your company's
emphasis on hiring degreed (non-nuclear) scientists and engineers with a
particular educational background as compared to its current hiring practices?
For example, a greater emphasis on hiring electrical engineers rather than
the company's current emphasis on hiring mechanical engineers.

Question 5 -- Do you expect the supply of nuclear de6reed scientists and engineers
to be large enough to meet the manpower requirements of your company in 1970
and 1973

Question 6 -- What role should a company such as your company play in financing
and/or developing educational programs to meet this growing need for nuclear
degreed scientists and engineers?

Question y -- Do you expect the growth in your company's area of the nuclear field
to plateau within the next 10 years or will it continue to grow at the present
rate?

EMPLOYEE TRAINING PROGRAMS

Question I -- Does your company require its employees to take additional nuclear
science or technology courses beyond their formal education?

Question 2 -- Are these additional courses and/or training programs in nuclear
science or technology conducted: a. through an "in-nouse" training program?
b. in association with a college or university? c. in association with a tech-
nical school, trade school, etc.? d. by a vendor? e. in association with a
consulting organization? or, f. other source? (specify).

Question 3 -- Would you indicate the various types of courses in nuclear science
and technology currently being taken by your employees or that your company
would like them to take?

-2314-
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INTERVIEW QUESTIONS

UNIVERSITY & COLLEGE TRAINING PROGRAMS

Question 1 -- In your opinion, are there any specialties for which particular

courses or graduate study or curricula are .not offered in nuclear science

and engineering, but for which your company feels training should be offered?

-235-
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ATTACHMENT 1

Occupational Definitions

PHYSICAL SCIENTISTS -- Count as physical scientists ail chemists, physicists, metallur-
gists, geologists, geophysicists, and other physical and earth scientists who are
actually engaged in scientific work at a level which requir-7 a knowledge of the physi
cal sciences equivalent to that acquired through completion 9 4-year college course
with a major in one of the physical science fields, regardless of whether they hold a
college degree. Include all physical scientists engaged in research and development,
production management, technical service, sales, and other positions which require
them to use the indicated level of knowledge in their work. Exclude persons trained
in the physical sciences but currently employed in positions not requiring the use of
such trainirg.

LIFE SCIENTISTS -- Count as life scientists all health physicists (see definition below)
medical scientists, agricultural scientists, biologicai scientists, and other life
scientists who are actually engaged in scientific work at a level which requires a

knowledge of the life sciences equivalent to that acquired through completion of a 4-
year college course with a major in one of the life science fields, regardless of
whether they hold a college degree. Include all life scientists engaged in research
and development, production, management, technical service, sales, and other positions
which require them to use the indicated level of knowledge in their work. Exclude
persons trained in the life science but currently employed in positions not requiring
the use of such training.

ENGINEERS -- Count as engineers all persons actually engaged in engineering work at a

level which requires knowledge of engineering equivalent at least to that acquired
through completion of a 4-year college course with a major in one of these fields, re-
gardless of whether they hold a college degree. Include all engineers in research
and development, production, management, technical service, sales, and other positions
which require them to use the indicated level of knowledge in their work. Exclude
persons trained in engineering but currently employed in positions not requiring the
use of such training. Include architectural engine9rs. Exclude architects and
nuclear reactor operators.

MATHEMATICIANS -- Count as mathematicians only those persons whose position require a
knowledge of mathematics equivalent at least to that bcquired through a 4-year college
course with a major in mathematics and who_spend the greatest proportion of their time
in development or application of mathematical techniques, regardless of whether they
hold a coll,ege degree. Include all matheMaticians in research and development, pro-
duction, management, technical service, sales, and other positions whidh require them
to use the indicated level of_knowledge in their work. Include actuaries, statisti-
cians, and computer programmers only if they specialize in mathematical techniques.
Exclude accountants.

TECHNICIANS -- Count as technicians ail persons actually engaged in technical work at a
level which requires knowledge of engineering, mathematical, and physical and life
sciences, comparable to that acquired either through stAy at technical institutes,
junior colleges, or other formal post-high school training less extensive than a 4-
year coilede course, or through equivalent on-the-job training or experience. Some
typical job titles are draftsmen, electrical and electronics technicians, engineering
technicians, health physics technicians and radiation monitors, life science techni-
cians, etc. All persons in positions-Which require the indicated level of knowledge
should be counted, regardless of jab title or department in which employed. Computer
programmers who meet the above definition of technicians should be reported as "Other
Technicians." Exclude nuclear reactor operators and all craftsmen such as machinists
and electricians.



Occupational Definitions (Conit.)

NUCLEAR REACTOR OPERATORS -- Count as nuclear reactor operators all persons who spend
the greatest proportion of their time either in (a) the actual manipulation of the
controls of a nuclear reactor, or (b) directing others in the manipulation of such
controls. Under AEC licensing regulations, the former are referred to as "operators"
and the latter as "senior operators." Exclude persons who spend the greatest propor-
tion of their time as nuclear reactor engineers or in performing other functions of a
professional, scientific or engineering nature.

HEALTH PHYSICISTS -- Count as health physicists all pe. -rms who meet the general re-
quirements for "Life Scientists or Engineers" and who are concerned with programs to
protect plant and laboratory personnel from radiation hazards; develop inspection
standards, radiation exposure limits, and decontamination procedures; conduct tests
to insure that radiation is not in excess of permissible limits; and design or modify
such health physics equipment as detectors and counters to improve radiation protection.
Include all health physicists in the category titled "Life Scientists."

NUCLEAR MATERIALS MANAGER -- Count as nuclear materials managers those persons who are
concerned with the effective use of methods, procedures, and techniques for recording,
reporting, analyzing, evaluating, adjusting, and regulating nuclear materials inven-
tories to assure maximum efficiency and economy cons'stent with established national
and corporate policies and goals. More specifically, nuclear materials management
includes acquisition, use and disposal of materials so as to effect maximum economies
in materials utilization and to minimize consumption and losses; development and
maintenance of records, measuremenl and physical inventory procedures to provide
quantity d- 'a for cost and financial control, production control, and health and safe-
ty; este >hment of internal controls to guard against carelessness, theft and mis-
appropriation and to assure compliance with managerial policy; determination of econo-
mic inventory levels and reorder quantities consistent with program requirements; and,
determination of th:: economies of current recovery of scrap vis-a-vis storage for fu-
ture recovery or discard.
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APPENDIX C
NUCLEAR TRAINED MANPOWF:-. i"iEEDS IN ELECTRIC POWE" INDUSTRY

This survey is being co-sponsored by the Power Division and Reoctor Operotions Division of !he Americon Nuclear Society under the direction of Dr. A. David Ross in.
Completed questionnaires should be returned to the American Nucleor Society, 244 Eost Ogden Avenue, Hinsdole, Illinois 60521. An addressed, post-paid envelope is

enclosed far your convenience.

Enter the name and address of your company.

(Zip Code)

Nome Title
(Person to Contoct for Further Information)

I. Enter the following informotion in the space provided. Include only nucleor plant(s) now in operotion or planned for aperotion by December 31, 1976.

Nome of Nuclear Plont(s) Type of Iseactor Megowottse Stott of Construction Operating Personnel Commerc tol OPerot ion

(BWR. PWR, etc.) s (Dote) on S ite (Date) (Dote)

2

3.

4,

5.

1-SITE" NUCLEAR PLANT PERSONNEL
er the total nsmber of "on-site" plont personnel currently employed 6y your orgonizotion by oreo of activity, function ond highest level of degree. Enter o reosonoble

estimate af the totol number of "on-site" plant personnel your organization pions to employ in 1970 ond 1973 by area of activity, function ond desired level of degree. Enter
only those "an-site" plont personnel who hove had some nuclear troining.

A. GENERAL AND OPERATIONS

FUNCTION
CURRENTLY EMPLOYED 12/68 PLANNED 1970 PLANNED 1973

PhD MS BS Tech. Other PhD MS BS Tech. Other PhD
,

MS BS Tech. Other

Generol PInnt Superintendents ond Assistonts

Operotions Superintendents ond Assistonts
(not nartnolly on shift)

Operations Shift Supervisors ond Assistonts

Operations Supervisors ct.i Assistonts

Senior Reoctor Operators

Reoctor Operators

Equipment Cpe,ators

Fuel Handlers (if a special group ona not
port of the above)

Others

B. MAINTENANCE (Normol Plant Complement)

Mointenonco Surperintendents and Assistants

Mechanical Maintenonce Supervisors
and Assistants_

',al Maintenance Supervisors
ssistonts

n. ..nics Orr, Apprentices

Electricians and Apprentices

Others



C. TECHNICAL SERVICES

FUNCTION
CURRENTLY EMPLOYED - 12/68 PLANNED 1970 PLANNED 1973

PhD MS BS Tech. Other PhD MS BS Tech. Other PhD MS BS Tech. Other

Engineering Superintendents and Assistants -
Technology (Engineers):

Reactor or Nuclear Engineers

Radiation Protection - Health Physicists

Chemists - aemical Engineers

Instrument/Cantral and Computer Engineers

General Engineers

Technology (Technicians):

Reactor or Nuclear Engineering Technicians

Radiation Protection - Health Physics
Technicians

Chemical Engineering Technicians

Instrument/Cantral Technicians

General TeOznicians

Others

III. "OFF-SITE" OR CF:NTRAL OFFICE PERSONNEL
Enter the total number .f "off-site" or headquarters' office personnel currently employed by your organization by area of activity, function and highest level of degree. Enter
a reasonable estImair u? she total number of 'off-site" or headquarters' office personnel your organizatier clans to employ in 1970 and 1973 by area of activity, function and
desired level of deg..s. Enter only those "ofhsite" personnel who have hod some nuclear training.

A. DESSGN AND SAFETY ANALYSIS(Do Not Include Pr,u, Consultants, A/E's, etc.)

FUNCTION
CURRENTLY EMPLOYED - 12/68 PLANNED 19-^ PLANNED 1973

PhD MS BS Tech, Other PhD MS BS Tech. Other PhD MS BS Tech.

Engineering Supervisors and Assistants

Mechanical Engineers

Structural Engineers

E lecir lc a I Engineers

Hydraulic Engineers

Nuclear Engineers

Metall.. gical Engineers

Architectural Engineers

Civil Engineers

Safety Annlysis Engineers

Instrument and Instrument Control Engineers

Nuclear Licensing Administrators

Designers and Draftsmen

Engineering Technicians

Other,. ,
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B. RESEARCH At:ID DEVELOPMENT

FUNCTION
CURRENTLY EMPLOYED 12/68 PLANNED 1970 PLANNED 1973

PhD MS S Tech. Other PhD MS BS Tech. Other PhD MS BS Tech. Other

Physicists

Chemists Chemical Engineers

Electrical Engineers

Mechanical Engineers

Metallurgical Engineers

Materials Engineers

Health Physicists

Safety Engineers

Enginekring Technicians

Others

C. CONSTRUCTION

Construction Superintendents and Assistants

Project Supervisors

Site Representatives

Assurance Engineers

anineets

Construction Technicians

Others

D. OPERATIONS AND FUEL CYCLE MANAGEMENT

Nuclear Engineers

Chemical Engineers

Materials Ergineets

Metallu. al Engineers

Mechanical Engineers

Physichts

Mathematicians

Purchasing Agents

A countants

Accountability Clerks

Technicians and Draftsmen

Others



E. PERIODIC MAINTENANCE (refers to "rotating" maintenance crews not permanently assigned to one specific plant)

FUNCTION
CURRENTLY EMPLOYED 12/6.8 PLANNED 1 970 PLANNED 1 973

PhD MS BS Tech. Other PhD MS BS Tech. Other PhD MS 3S Tech. Other

Mointenance Superintendents and Assistants

Mechadcol Maintenance Supervisors
and A ssistants

Electrical Maintenance Supervisors
and Assistants

Mechanics and Apprentices

Electricians ond Apprentices

Others

F. ADMINISTRATION (includes corporote officers, legal, financk.1, purchasing, public relations, and industrialrelations personnel)

Administrators

Others

IV. TRAINING PROGRAMS
Indicate by checking (J) the eiVropriote box the type of training prograrn(s)
by area of activity your organizotion is currently utilizing. Indicate the
type of training progrom(s) by area of activity your organization plans to
use in 1970 ond 1973.

CURRENTLY EMPLOYED

Areas of
Activity

Types of Trnining Programs

nO

0 or

At a technical school.
At o university or college.
At on AEC facility.
"On.the.job" training ot a conventional power plant.
An "in.hou e" formal lecture type training program.
"In.house" training using a simulator.
Vendor's training progrom.
"On-the-job" training ot your utility's nucleor plant.
Troining conducted by a consulting firm.
"On-the-job" training ot another utility's nuclear plant.
No formal training prog arn will hire experienced personnel.

Other (please specify below).

Other:

PLANNED 1970

Amos of
Activity

6 c

a
-`
1--

'S
,a
&

A

-E,

ti:
c''

1
.t..

'a
tfl
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t;t
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III
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PLANNED 1973

Amos of
Activity
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Z
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GENERAL DIRECTIONS
1. Please review the entire questionnaire to acquaint yourself with the general format.

2. In preparing the questicanaire, general classifications of personnel have been used in
the "Function" column. It is realized that the job titles may not agree with those used
by your utility, but it is felt that after reviewing the questionnaire you will be able
to fit each employee into one of the classifications.

a. The questionnaire applies only to those employees who have had some nuclear training.. In
general, the employee should have successfully completed a training program which the
utility feels is adequ7-:e for the work which the employee will be doing. More specific
examples of "some nuclear training" are given below as guidelines:

a. For headquarters -ersonnel -- a training program, whether given at a local school or
conducted "in-house," that is equivalent to a graduate level course in reactor
engineering, would qualify a person as being nuclear trained.

b. For maintenance personnel -- a short course in health physics radiation protection
would suffice to train the employee for the work which he will do.

a. For operations personnel -- "on-site" programs covering an introduction to nuclear
theory and a description of 17eactor systems would be sufficient to be considered
nuclear training.

4. Time periods are CURRENTLY EMPLOYED, PLANNED 1970, and PLANNED 1973. The reference month
is December for each of these time periods.

5. Data entered in each of the time periods represents the total number of employee3 you
expect to have on your payroll as of that date.

6. Account for each employee only once in each time period.

7. For those employees who have an AEC senior reactor operator or reactor operator license
but are not operating a reactor, enter them in the function for which they are employed.
For example, a licensed operator employed as a plant superintendent should be entered as
a plant Superintendent.

8. Tech. refers to technician.

9. This study will be most effective if completed and returned by March 31, 1969. Conse-
quently, your prompt reply will be appreciated.

10. If you have any questions concerning the completion of the questionnaire, please feel free
to contact any one of the following members of the survey's steering committee:

a. Mr. Vincent S. Boyer
Philadelphia Electric Co.
1000 Chestnut St.
Philadelphia, Pa. 19105
215/WA 2-4700

c. Mr. Edward C. Pandorf
Cincinnati Gas & Electric Co.
P.O. Box 960 -- Room 512
Cincinnati, Ohio 45201
513/632-2753

e. Mr. Louis J. Weidner, Jr.
Dept. of Water & Power of the City

of Los Angeles
357 S. Hill St.--Roam 1115Black Bldg.
Los Angeles, Cal. 90013
213/481-5411

2142

b. Mr. Edward C. Fiss
Duke Power Co.
P.O. Box 2178
Charlotte, N.C. 28201
704/332-8521

d. Mr. A. David
Bldg. #10 --
Laberatory

Argonne, Ill
312/739-7711

Rossin
Argonne Nat'l

. 60439
Ext. 4124

f. Mr. Keith L. Voigt
American Nuclear Society
244 E. Ogden Avenue
Hinsdale, Ill. 60521
312/325-1991 Ext. 32
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APFEMIX D

SURVEY OF TECHNICAL MANPOWER R EOUIREMENTS IN UNIVERSITIES IN ATOMIC ENERGY ACTIVITIES

Conducted by the American NLICkur Society and the American Society of ::-:rigineering Education

for the Atomic Energy Commission'5 Division of Nuclear Education and Training

Plea' e Enter Name and Address of Institution.

(ZIP CUi5E)

2. TEACHING FULL TIME
Please Enter Number of Faculty Employed and Planned for Teaching in the Nuclear Field.

DISCIPLINE

Currently Employ...A
BS

Planned 1970
PhD I MS BS

Planned
PhD

1973
MS BSPhD MS

Nuclear Physics .I
i

Thermonuclear Physics

I

High Energy Physics

Nuclear and Radiation Chemistry

Reactor Engineering

Other Nuclear Engineering

Radiation Applications

Heulth Physics

Radiation Biology

2A. TEACHING PART TIME
Please Enter Number of Faculty Employed and Planned for Teaching in the Nuclear Field.

DISCIPLINE
Currently Employed Planned 1970 Plannc d 1973

PhD MS BS PhD MS BS
. .

PhD MS 6---
_

Nuclear Physics

Thermonuclear Physics

[

High Energy Physics

Nuclear and Rai' lion Chemist-1y

1
_

Peactor Engineering

___,_

_

7

Other Nuclear Engineering

_

Radiation Applications

1

Health Physics

L 146diation Biology

-243-
263



3. RES:1+RCH & DEVELOPMENT - FULL TIME
Plec7;c: Enter Number of Personnel Employed end Planned for Research cnd Developmeil in the Nuclear Field (not on

teadiing faculty).
_

DISCIPLINE
Currently

P'ID MS

Employed Planned V'70 Planned 1973
BS Teel,-BS Tech PhD MS BS [-Tech PhD MS

Ni,cleor Physics

Thermonuclear Physics

High Energy Physics

Nuclear ond Radiation Chemistry

_

:Ttf :ctcr Engineering

j04-1e Nuclear Enaineering _

Radiation Applications

hk,alth Physics

Radiation Biology

3A. RESEARCH & DEVELOPMENT - PART TIME
Please Enter Number of Personnel Employed and Planned for Research and Development in the Nuclear Field (not on

-hir-g faculty),

DISCIFLINE

Currently Employed
Tech PhD

Plann,ld
h7iS

1470
-BS.

I

Tec, 'IID
Planned 1973

PhD- MS BS ;'S BS Tech

1' ucloar Physics

Thermonuclear Physics

High Energy Physics

_

..

Nucic,:i end Ri.,:licilior, Cli..;:iulry_
Reactor Engineering

Orher Nuclear Engineering

Radiation Applications

Hcaith Physics

Rndietion Biology _I

2



4. NUC _EAR FACILITIES - FULL TIME
Please Enter Number of Personnel Employed and Planned for Operation ui Nuclear it it-s (not en teaching faculty).

AREA

...::ctor Supervisors

1__Reactor Operaters

Accelerator Supervisors

Currently Emeloyed Planned 197(5 Planned 1973
PhD MS BS Tech PhD7 M;.7,. Tech rm.) MS BS

Accelerator Operators

Radiation Safety Officer
(Health Physicist)

4A. NUCL E.AP. FACILiIIES - i-ART TiME
Please Enter Number of Personnel Employed and Planned for Operation of Nuclear Facilities (not on teaching faculty).

AREA

Reactor Supervisors

Currently Emplo)cd -Planned 1970 Planned 1973
PhD MS BT-rTech PhD-TT -1.Tech PhD MS BS- Teal-

Reactor Operators

Accelerator Supervisors

Accelerator Operators

Sufety Office:
(Health Physicist)

5. STUDENT ENROLLMENT
Please Enter Number of Students Enrolled and Planned by Degree Currently Beinc lit.

DISCIPLiNE
Current Planned 1970 Plc

PhD MS I.,S PhD_I
I

_

WS

I

BS

I

PhD

Nucicar Physics

Thermonuclear Physics

High Energy Physics
______ . .. _,

i
Nuclear and Radiation Chemistry

1

.
Reactor En?ineering

Other Nuclear Engineering

Red lotion Applications _
1 Health PhysicsL_. .

1

......
1:( iation Biology

J

-245-

26.5

nned 1973
MS

_



6. DEPAHTMENTS
Plery.c List Current and Pion.)ed Departments by Name Offering Nuclear Coursc.i. ond Add Number of Courses for Eoch.

No- of Courses Undergraduate No. of Courses 0: iduote

DEPARIMENT i-967 1970 1973 . 1967 1970 1973

7. Fleose List Nuclear Facilitios and Major Equipment Accluisilions Planned. List Only Those Items Costing S25,000 or Morc

Including Those for Azodernic Ycor 1967.63.

FLANNEL) FACILITIES + EQUIPMENT

By 1970

Nome --
1PaRson CCFCrACT F rUR71::.::: INF-CP...A-NOW

By 1973

nrn completed this questionnaire should be returned in attached erwelope to:

OCTAVL 11.1 TOWLE, EXECUTIVE SECRETARY
MAERICAN I-:UCLEAR FOC1E1
244 EAST OC 'JEN AVaNuE
HINSDALE, I t (.0521

Noven11)3r 1967
A. GOVEFINMS1IT PRINTING OFFICE 1911 436-230/257

2C.)


